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Assistant Commissioner for Patents 



SEPTEMBER 4, 2001 



Washington, DC 20231 
Sir: 

The following preliminary amendments and remarks are respectfully submitted in 
connection with the above-identified application. 
IN THE ABSTRACT 

Please replace the Abstract with the attached revised Abstract. 
IN THE SPECIFICATION 

Please replace the original specification with the Substitute Specification attached 

hereto. 

IN THE CLAIMS 

Please replace the original claims with die following new claims: 
1. (Amended) A method of coating a gas turbine blade with a metaUic anti- 
oxidation coating in a vacuum plant, comprising: 

heating the gas turbine blade in the vacuum plant, from room temperature to a 
gas turbine blade temperature. 
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applying the metallic anti-oxidation coating to the gas turbine blade; and 
subjecting the coated gas turbine blade to a postheat treatment, wherein the 
postheat treatment follows the apphcation of the coating in such a way that the temperature of 
the gas turbine blade, after the application of the coating and before the postheat treatment, is 
at least equal to a minimum temperature, the minimum temperature being relatively higher 
than room temperature. 

2. (Amended) The method as claimed in claim 1, wherein the minimum 
temperature is about 500 K. 

3. (Amended) The method as claimed in claim 1, wherein the application of the 
metallic coating to the gas turbine blade is effected in a coating region of the vacuimi plant 
and the postheat treatment is effected in a postheat treatment region of the vacuum plant, the 
coating region and the postheat treatment region being different regions of the vacuum plant. 

4. (Amended) The method as claimed in claim 3, wherein the coated gas turbine 
blade is automatically transferred from the coating region into the postheat treatment region. 

5. (Amended) The method as claimed in claim 1, further comprising: 

cooling down the gas turbine blade subjected to postheat treatment, to room 
temperature in a controlled manner. 

6. (Amended) The method as claimed in claim 3, wherein a first number of gas 
turbine blades is located in the coating region and nearly simultaneously, a second number of 
gas turbine blades is located in the postheat treatment region, the second nxmiber being larger 
than the first number. 
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7. (Amended) The method as claimed in claim 1, wherein a material used for the 
gas turbine blade is one of a nickel-, iron-, or cobalt-base superalloy. 

8. (Amended) The method as claimed in claim 1, wherein the metallic anti- 
oxidation coating is an MCrAlX alloy, where M stands for one or more elements of the group 
including iron, cobalt and nickel; Cr stands for chromium; Al stands for aluminum; and X 
stands for one or more elements of the group including yttrium, rhenium and the elements of 
the rare earths. 

9. (Amended) An apparatus for coating a gas turbine blade with a metallic anti- 
oxidation coating in a vacuum plant, comprising: 

a coating chamber; and 

a postheat treatment chamber, wherein the postheat treatment chamber is 
connected to the coating chamber in a vacuum-tight manner. 

10. (Amended) The apparatus as claimed in claim 9, wherein a heating device is 
provided in the postheat treatment chamber. 

1 1 . (Amended) The apparatus as claimed in claim 9, further comprising: 

a preheating chamber, the preheating chamber being arranged upstream of the 
coating chamber and being connected to the coating chamber in a vacuum-tight manner. 

12. (Amended) The apparatus as claimed in claim 9, further comprising: 

a cooling chamber, the cooling chamber being arranged downstream of the 
postheat treatment chamber and being connected to the postheat treatment chamber in a 
vacuum-tight manner. 
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13. (Amended) The apparatus as claimed in claim 9, wherein the vacuum-tight 
connection between the coating chamber and the postheat treatment chamber is produced via 
a lock chamber. 

14. (Amended) The apparatus as claimed in claim 13, wherein a heating device is 
provided in the lock chamber. 

15. (Amended) The apparatus as claimed in claim 9, further comprising: 

a transfer system for the automatic transfer of the gas turbine blade from one 
chamber into another chamber of the vacuum plant. 

16. (Amended) The apparatus as claimed in claim 9, wherein the coating chamber 
includes a first receiving capacity and the postheat treatment chamber includes a second 
receiving capacity for gas turbine blades, the second receiving capacity being greater flian the 
first receiving capacity. 

Please add the following new claims: 

17. The method of claim 1, wherein the minimum temperature ranges from about 
900K to about 1400 K. 

18. The method as claimed in claim 2, wherein the application of the metallic 
coating to the gas turbine blade is effected in a coating region of the vacuum plant and the 
postheat treatment is effected in a postheat treatment region of the vacuum plant, the coating 
region and the postheat treatment region being different regions of the vacuum plant. 
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19. The apparatus as claimed in claim 11, further comprising: 

a cooling chamber, the cooling chamber being arranged downstream of the 
postheat treatment chamber and being connected to the postheat treatment chamber in a 
vacuum-tight manner. 

20. The apparatus as claimed in claim 11, wherein the vacuum-tight connection 
between the coating chamber and the postheat treatment chamber is produced via a lock 
chamber. 

21. The apparatus as claimed in claim 12, wherein the vacuum-tight connection 
between the coating chamber and the postheat treatment chamber is produced via a lock 
chamber. 

22. The apparatus as claimed in claim 11, wherein a heating device is provided in 
the lock chamber. 

23. The apparatus as claimed in claim 12, wherein a heating device is provided in 
the lock chamber. 

24. The apparatus as claimed in claim 19, wherein a heating device is provided in 
the lock chamber. 

25. The apparatus as claimed in claim 20, wherein a heating device is provided in 
the lock chamber. 

26. The apparatus as claimed in claim 21, wherein a heating device is provided in 
the lock chamber. 

27. The method as claimed in claim 5, wherein the metaUic anti-oxidation coating 
is an MCrAlX alloy, where M stands for one or more elements of the group including iron. 
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cobalt and nickel; Cr stands for chromium; Al stands for aluminum; and X stands for one or 
more elements of the group including yttrium, rhenium and the elements of the rare earths. 

28. The method as claimed in claim 7, wherein the metallic anti-oxidation coating 
is an MCrAlX alloy, where M stands for one or more elements of the group including iron, 
cobalt and nickel; Cr stands for chromium; Al stands for aluminum; and X stands for one or 
more elements of the group including yttrium, rhenium and the elements of the rare earths. 

29. The apparatus as claimed in claim 11, wherein the vacuum-tight connection 
between the coating chamber and the preheating chamber is produced via a lock chamber. 

30. The apparatus as claimed in claim 12, wherein the vacuum-tight connection 
between the cooling chamber and the postheat treatment chamber is produced via a lock 
chamber. 

31. The apparatus as claimed in claim 29, wherein a heating device is provided in 
the lock chamber. 

32. The apparatus as claimed in claim 30, wherein a heating device is provided in 
the lock chamber. 

33 . A vacuum plant, comprising: 

a coating chamber, wherein a gas turbine blade is coated with a metallic anti- 
oxidation coating; and 

a postheat treatment chamber, wherein the coated gas turbine blade is 
subjected to heat treatment, 

wherein a temperature of the gas turbine blade, after coating and before 
postheat treatment, is at least equal to a minimum temperature which is relatively higher than 
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at room temperature. 

34. The vacuum plant of claim 33, wherein the minimum temperature is about 

500 K. 

35. The vacuum plant of claim 33, wherein the minimxmi temperature ranges from 
about 900K to about 1400 K. 

36. The vacuum plant of claim 33„ wherein the coating chamber and the postheat 
treatment chamber are connected in a vacuum tight manner. 

37. The vacuum plant of claim 36, further comprising: 

a preheating chamber, the preheating chamber being arranged upstream of the 
coating chamber and being connected to the coating chamber in a vacuum-tight manner. 

38. The vacuum plant of claim 36, further comprising: 

a cooling chamber, the cooUng chamber being arranged downstream of the 
postheat treatment chamber and being connected to the postheat treatment chamber in a 
vacuum-tight maimer. 

39. The vacuum plant of claim 37, further comprising: 

a cooling chamber, the cooling chamber being arranged downstream of the 
postheat treatment chamber and being connected to the postheat treatment chamber in a 
vacuum-tight manner. 

40. The vacuum plant of claim 36, wherein the vacuum-tight connection between 
the coating chamber and the postheat treatment chamber is produced via a lock chamber. 

41 . The vacuum plant of claim 36, further comprising: 

a transfer system for the automatic transfer of the gas turbine blade from one 
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chamber into another chamber of the vacuum plant. 

42. The vacuum plant of claim 37, further comprising: 

a transfer system for the automatic transfer of the gas turbine blade from one 
chamber into another chamber of the vacuum plant. 

43 . The vacuum plant of claim 38, further comprising: 

a transfer system for the automatic transfer of the gas turbine blade from one 
chamber into another chamber of the vacuum plant, ~ 

REMARKS 

Claims 1-43 are now present in this application, with new claims 17-43 being added 
by the present Preliminary Amendment. It should be noted that the amendments to original 
claims 1-16 of the present application are non-narrowing amendments, made solely to place 
the claims in proper form for U.S. practice and not to overcome any prior art or for any other 
statutory considerations. For example, amendments have been made to remove reference 
numerals in the claims; remove the European phrase "characterized in that"; remove multiple 
dependencies in the claims; and to place claims in a more recognizable U.S. form, including 
the use of the transitional phrase "comprising" as well as the phrase "wherein". Other such 
non-narrowing amendments include reorganizing method (separate clauses beginning with "- 
ing" verbs) and apparatus (elements set forth in separate paragraphs) claims in a more 
recognizable U.S. form. Again, all amendments are non-narrowing and have been made 
solely to place the claims in proper form for U.S. practice and not to overcome any prior art 
or for any other statutory considerations. 
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SUBSTITUTE SPECIFICATION 

In accordance with 37 C.F.R. §1.125, a substitute specification has been included in 
lieu of substitute paragraphs in connection with the present PreUminary Amendment. The 
substitute specification is submitted in clean form, attached hereto, and is accompanied by a 
marked-up version showing the changes made to the original specification. The changes have 
been made in an effort to place the specification in better form for U.S. practice. No new 
matter has been added by these changes to the specification. Further, the substitute 
specification includes paragraph numbers to faciKtate amendment practice as requested by the 
U.S. Patent and Trademark Office. 

CONCLUSION 

Accordingly, in view of the above amendments and remarks, an early indication of the 
allowability of each of claims 1-43 in connection with the present appUcation is eamestly 
solicited. 

Should there be any outstanding matters that need to be resolved in the present 
appUcation, the Examiner is respectfully requested to contact Donald J. Daley at the 
telephone number of the undersigned below. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
repUes, to charge payment or credit any overpayment to Deposit Account No. 02-2448 for 
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any additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, 
extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 




DJDrkna Falls Church, VA 22040-0747 
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ABSTRACT 

A method includes coating a product with a metallic coating, in particular a high- 
temperature component product of a gas turbine, in a vacuum plant. An apparatus coats the 
product with a metallic coating in a vacuum plant, having a coating chamber and a postheat 
treatment chamber. Novel process control with regard to a temperature profile, in particular 
after the application of the metallic coating to the product and before the postheat treatment, 
involves the ensuring of a minimum temperature at all times, this minimum temperature 
being relatively higher than room temperature. 
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SUBSTITUTE SPECIFICATION 

METHOD AND APPARATUS FOR COATING A PRODUCT, IN PARTICULAR A 
HIGH-TEMPERATURE COMPONENT OF A GAS TURBINE 

[0001] This application is the national phase under 35 U.S.C. § 371 of PCT International 
Application No. PCT/EPOO/01301 which has an International filing date of February 17, 
2000, which designated the United States of America, the entire contents of which are hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to a method of coating a product with a metallic coating, in 
particular with a metallic anti-oxidation coating, in a vacuum plant. In the method, the 
product is preferably fed into the vacuum plant and heated from room temperature to a 
product temperature, the metallic coating is applied to the product, and the coated product is 
subjected to a postheat treatment. Furthermore, the invention relates to an apparatus for 
coating a product with a metallic coating in a vacutim plant, the vacuum plant including a 
coating chamber and a postheat treatment chamber. 

BACKGROUND OF THE INVENTION 

[0003] Coating plants for coating gas turbine blades are known, e.g. an inline EB-PVD 
coating plant from Interturbine Von Ardenne GmbH (EB-PVD: Electron Beam - Physical 
Vapor Deposition), in which a ceramic coating is applied to the gas turbine blade by means of 
physical vaporization processes. Such a coating plant, for example, may be composed of 
chambers arranged directly one behind the other and connected to a transfer system for 
conveying the turbine blades. In this case, the first chamber serves as a loading chamber for 
turbine blades. From the loading chamber, the turbine blades are transported into a second 
vacuum chamber connected to the loading chamber and are preheated there. Further transport 
into a process chamber then takes place, in which process chamber a ceramic material, in 
particular an yttrium-stabilized zirconium oxide, is heated, melted and vaporized by means of 
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electron beam vaporization. The ceramic material condenses on the turbine blades and 
therefore forms the ceramic coating. The turbine blades thus coated are transported further 
into a cooling chamber and cooled therein. The cooling is effected without monitoring, in 
particular in an uncontrolled manner, since the turbine blades are left on their own in the 
cooling chamber and consequently emit their heat to the surroundings via heat radiation until 
they have cooled down to room temperature. 

[0004] US patent 5,238,752 discloses a heat-insulating-coating system which is applied to a 
turbine blade. In this case, the parent material of the turbine blade consists of a nickel-base 
superalloy to which a metallic protective or bonding coating of the type MCrAlY or PtAl is 
applied. Here, M stands for nickel and/or cobalt, Cr stands for chromium, Al stands for 
aluminum, Y stands for yttrium and Pt stands for platinum. Forming on this metallic bonding 
coating is a thin coating of aluminum oxide, to which the actual ceramic heat-insulating coating 
of zirconium oxide stabilized with yttrium is applied. In this case, the turbine blade is coated by 
means of a physical vaporization process in which the ceramic material (zirconium oxide) is 
vaporized by being bombarded v^th electron beams. This coating process is effected in a 
vacuum chamber, the turbine blade being heated via a substrate heater by means of heat 
radiation to a temperature of about 1200 K to 1400 K, in particular about 1300 K. 
[0005] Those coatings on turbine blades which are produced in the above-described, known 
methods and apparatuses are still capable of improvement with regard to their service life, in 
particular in the case of hot-gas admission when used in a gas turbine. 

SUMMARY OF THE INVENTION 
[0006] The object of the invention is to provide a method of coating a product with a metallic 
coating. In this case, the fatigue strength of the metallic coating, in particular against 
corrosive and oxidizing attacks, is to be markedly improved. A further object of the invention 
is to specify an apparatus for coating a product with a metallic coating. The production of a 
metallic coating of high quality on the product is to be possible with the apparatus. 
[0007] According to the invention, the first-mentioned object is achieved by a method of 
coating a product with a metallic coating, in particular with a metallic anti-oxidation coating. 
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in a vacuum plant. In this method, the product is fed into the vacuxim plant and heated from 
room temperature to a product temperature; the metalhc coating is applied to the product; and 
the coated product is subjected to a postheat treatment. The postheat treatment preferably 
follows the application of the coating in such a way that the temperature of the product after 
the application of the coating and before the postheat treatment is at least as high as a 
minimvim temperature, the minimum temperature being relatively higher than room 
temperature. 

[0008] In this case, the invention is based on the idea that the quality of a primary metallic 
coating applied to the parent material of a product is especially important. Material properties 
and characteristic coating properties, such as the homogeneity of the coating, the bonding to 
the substrate, and the structure of the boundary layer between coating and substrate for 
example, are important quality features. These also have an effect on the bonding and 
condition of further coatings which are applied to the primary coating possibly in further 
coating processes. 

[0009] A metallic coating on a product, for example a metallic anti-oxidation coating, will 
therefore develop its fimction more effectively, for instance as a protective coating against 
corrosion and/or oxidation, the better the abovementioned coating properties are realized. For 
the service life of metallic coatings on products which appear under oxidizing or corrosive 
conditions, for example, in addition to the selection of the materials, in particular the bonding 
of the coating to the parent material of the product is decisive. This depends on the treatment 
of the product in all the phases of the production process. In this case, chemical and physical - 
in particular thermal - influences which may possibly impair the forming and bonding of the 
coating are to be taken into account. 

[0010] Chemical influences can be largely reduced by the selection of suitable materials for 
all the built-in components of the equipment, which as far as possible are to be chemically 
inert with respect to the coating materials. Physical conditions under which the process for 
producing a coating takes place relate to the process control in its entirety, that is to say from 
the preparation of the product, via the application of the protective coating up to the further 
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treatment of the product, normally a subsequent postheat treatment - and all possible 
intermediate steps. 

[0011] The monitoring and configuration of the process control in all the phases of the 
production process is therefore very important. In this case, time-dependent and locus- 
dependent thermodynamic process parameters, such as pressure and temperature, to which the 
product is subjected in the production process are to be taken into account. For example, on 
account of the generally different coefficients of thermal expansion of parent material and 
coating material, the product temperature during the application of the coating (coating 
temperature) and the temperature profile up to completion of a postheat treatment of the 
coated product have a considerable effect on the formation of the boundary layer between 
product surface and coating, 

[0012] Virtually steady process control with regard to the temperature in all the phases of the 
process for producing the metaUic coating can be achieved with the method. In this case, after 
the application of the metallic coating to the product and before the postheat treatment, a 
minimum temperature of the product is ensured at all times, this minimum temperature being 
higher than room temperature. 

[0013] In the case of products which constitute high-temperature components of gas turbines, 
for instance in the case of gas turbine blades or heat shield elements of combustion chambers, 
this minimum temperature is preferably about 500 K, in particular about 900 K to 1400 K. 
[0014] The method preferably operates on a product that is always close to a state of 
thermodynamic equilibrium with its surroundings. Time-dependent and spatial temperature 
gradients, in particular thermal shocks, are preferably avoided. By this novel method in the 
process control with regard to the temperature profile, it is possible to markedly improve the 
bonding of the metallic coating to the parent material of the product in the postheat treatment. 
In the postheat treatment following the application of the metallic coating in this manner, a 
firm connection between parent material and coating material is produced by diffiision 
actions, and a coating of high quality is formed on the product. 

[0015] The application of the metallic coating to the product is preferably effected in a 
coating region and the postheat treatment is preferably effected in a postheat treatment region. 
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In this case, the coating region and the postheat treatment region are different regions of the 
vacuum plant. It is advantageous to carry out the application of the metallic coating to the 
product and the postheat treatment in the same vacuum plant but spatially separate from one 
another, since these process steps are carried out at somewhat different temperatures and 
generally have different process times. For example, the application of a metallic coating to a 
gas turbine blade, in particular a metallic anti-oxidation and anti-corrosion coating, is carried 
out at a coating temperature of about 1 1 00 K to 1200 K, whereas the postheat treatment of the 
gas turbine blade is effected at a postheat treatment temperature of about 1200 K to 1500 K. 
The separation of coating region and postheat treatment region has a favorable effect on the 
quality and reproducibility of the metallic coatings. A situation in which different process 
steps having different process parameters are carried out in the same region of a plant is 
avoided. This could be effected virtually only with a periodic change of the operating 
parameters of the vacuum plant, a factor which impairs the quality and reproducibility of the 
coatings. 

[0016] The coated product is preferably transferred automatically from the coating region 
into the postheat treatment region. This procedure is very advantageous with regard to 
industrial production of the metallic coating. In particular in a vacuum plant, automatic, 
preferably electronically controlled, transfer of the products is far superior to other known 
embodiments, for example with complicated manipulators manually operable externally and 
with sealed vacuum leadthroughs. 

[0017] The product subjected to postheat treatment is preferably cooled down to room 
temperature in a controlled manner. The cooling to room temperature is also preferably 
carried out in a controlled or regulated manner. This is effected just prior to possible removal 
of the product from the vacutim plant. Monitoring and control of the cooling operation avoids 
a situation in which, after completion of the postheat treatment, the product is cooled down in 
an uncontrolled manner to room temperature, a factor which could have an adverse effect on 
the coating properties on account of the thermal stresses which then occur between the 
metallic coating and the substrate. 
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[00181 A first number of products is preferably located in the coating region and 
simultaneously a second number of products is preferably located in the postheat treatment 
region, the second number being larger than the &st number. This procedxire is very 
advantageous with regard to industrial series production of metallic coatings on products. The 
metallic coating is applied to products in the coating region, while at the same time products are 
subjected to a postheat treatment in the postheat treatment region. This provides for efficient 
production of metallic coatings on products. A continuous and simultaneous pass of products 
through the method steps is possible. 

[0019] In particular, in this continuous method, the pass of products per unit of time is markedly 
increased compared with non-simultaneous method steps. In the method, due to the different 
process times of tlie individual method steps, more products are subjected to a postheat treatment 
than are located at the same time in the coating region, since the postheat treatment process 
generally constitutes the limiting process with respect to time. For example, the application of a 
metallic coating to a gas turbine blade, in particular the application of a metallic anti-oxidation and 
anti-corrosion coating, has a process time of about 30 min, whereas the postheat treatment of the 
gas turbine blade, at about 60 min to 240 min, lasts considerably longer. By designing the vacuum 
plant with due regard to the respective process times, a continuous and simultaneous pass of 
products is ensured, and efficient production is made possible. 

[0020] The product used is preferably a high-temperature component of a gas turbine, in 
particular a gas turbine blade or a heat shield element of a combustion chamber. Furthermore, 
the parent material used for the high-temperature component is preferably a nickel- or iron- or 
cobalt-base superalloy. A gas turbine blade is a high-temperature component which is 
arranged in the hot-gas duct of a gas turbine. A distinction is made between turbine guide 
blades and turbine moving blades, which are exposed to high thermal loads, in particular in 
gas turbines having high turbine inlet temperatures of over 1500 K for example, and to 
corrosive and oxidizing conditions due to the hot gas. Therefore an appropriate alloy has to be 
selected for the parent material. An example of a high-temperature-resistant alloy of tiiis type 
with high creep strength on a nickel basis is Inconel 713 C, which in its essential components 
is produced from 73% nickel, 13% chromium, 4.2% molybdenum and 2% niobium. 
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[0021] The metallic coating used is preferably an MCrAlX alloy, where M stands for one or 
more elements of the group comprising iron, cobah and nickel, Cr stands for chromium, Al 
stands for aluminum, and X stands for one or more elements of the group comprising yttrium, 
rhenium and the elements of the rare earths. This metallic coating is applied to the product, in 
particular the high-temperature component of a gas turbine, in the coating region in a known 
manner by thermal spraying with the VPS (Vacuum Plasma Spraying) or LPPS (Low 
Pressure Plasma Spraying) processes. The MCrAlX coatings are especially suitable for high- 
temperature components in gas turbines having a parent material of a nickel-, or iron- or 
cobalt-base superalloy. They are suitable in stationary gas turbines and aircraft engines 
having a high turbine inlet temperature. In addition, they are suitable as an adhesive mediator 
coating for the application of further coatings in other coating processes, such as, for 
example, for producing a ceramic heat-insulating coating on a product by means of PVD 
(Physical Vapor Deposition). 

[0022] The object which relates to the apparatus is achieved according to the invention by an 
apparatus for coating a product with a metallic coating in a vacuum plant, comprising a 
coating chamber and a postheat treatment chamber, the postheat treatment chamber being 
connected to the coating chamber in a vacuum-tight manner. 

[0023] This makes it possible for the application of the metallic coating to a product and the 
subsequent postheat treatment to be carried out in one plant. The vacuum-tight connection 
between the coating chamber and the postheat treatment chamber ensures that the product is 
at no time exposed to the atmosphere, in particular the oxygen in the air, during the method. 
The vacuum plant is therefore superior to conventional plants in which separate vacuum 
chambers which are not connected to one another in a vacuum-tight manner are provided for 
the application of the coating and for the postheat treatment. 

[0024] A heating device is preferably provided in the postheat treatment chamber. The 
heating device is realized in known configurations, for example by a radiant heating element 
for indirect radiant heating or by an electron beam gun for heating the product by direct 
electron bombardment. For the postheat treatment, the process control is to be configured 
with regard to the temperature of the product in such a way that the product temperature is set 
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at a predetermined value, the postheat treatment temperature. In this case, the postheat 
treatment temperature is set by measuring the temperature of the product and regulating the 
heating output of the heating device, for example by regulating the radiation output of a 
radiant heating element via the heating current. 

[0025] A preheating chamber is preferably provided, this preheating chamber being arranged 
upstream of the coating chamber and being connected to the latter in a vacuum-tight manner. 
The preheating chamber is designed as a vacuum chamber and is an integral part of the entire 
vacuum plant for coating a product with a metallic coating. Provided in the preheating 
chamber is a heating device which is designed in a known manner, for example by a radiant 
heating element for indirect radiant heating or by an electron beam gun for heating the 
product by direct electron bombardment. The preheating chamber serves, on the one hand, to 
receive and preheat the product from room temperature to a product temperature and, on the 
other hand, to pretreat and prepare the product for subsequent method steps, in particular for 
the application of the metallic coating to the product in the coating chamber. In the preheating 
chamber, possible impurities which may have entered the surface of the product can also be 
emitted as gases from the product. Impurities may adversely affect the application of the 
coating to the product and thus the quality of the coating. Therefore the preheating chamber, 
in addition to the preliminary process heating, at the same time performs an important 
cleaning function for the product to be coated, so that, due to the degassing process, a product 
having an appropriately clean prepared surface and well-defined product temperature is 
prepared. 

[0026] A cooling chamber is preferably provided, this cooling chamber being arranged 
downstream of the postheat treatment chamber and being connected to the latter in a vacuum- 
tight maimer. A product is heated after it has been subjected to the postheat treatment. In 
order to treat the product further or feed it to its destination, it is brought to room temperature 
in a suitable maimer. To this end, it has to be cooled down, for which purpose, in 
conventional methods, the external postheat treatment chamber, which is not coupled to a 
coating chamber, is likewise used. The product is cooled down in a controlled manner in this 
postheat treatment chamber. 
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[0027] In the vacuum plant, on the other hand, the controlled cooling operation is effected in 
a separate cooling chamber. In this case, the cooling chamber is designed as a vacuum 
chamber and is an integral part of the entire vacuum plant. In order to cool the product in a 
controlled manner, a heating device is provided in the cooling chamber. This heating device 
ensures that the product is at a predetermined temperature during the cooling operation. As a 
result, the product is not cooled too rapidly via heat radiation or heat conduction to the 
surroundings but is cooled virtually steadily by the temperature being reduced down to room 
temperature gradually and in a controlled manner by regulating the heating output of the 
heating device. 

[0028] The heating device is designed, for example, in the form of a known radiant heating 
element for indirect radiant heating of the product. Additional known treatment devices for 
cooling the product, for instance in the form of a gas supply system for inert cooling gases 
(e.g. argon), can be provided in the cooling chamber. In this embodiment, inert cooling gas is 
admitted in a carefully metered manner to the heated products and the latter are cooled down 
to room temperature in a controlled manner. The cooling chamber advantageously serves at 
the same time as a removal chamber for the products. 

[0029] The vacuxnn-tight connection between the coating chamber and the postheat treatment 
chamber is preferably produced via a lock chamber. Both the process times for the application 
of the metallic coating to the product and for its postheat treatment and the respective process 
parameters, in particular the coating temperature and the postheat treatment temperature, are 
different. For example, the application of a metallic coating to a gas turbine blade, in 
particular a metallic anti-oxidation and anti-corrosion coating, is effected at a coating 
temperature of about 1100 K to 1200 K. On the other hand, the postheat treatment of the 
coated gas turbine blade is effected at a markedly higher postheat treatment temperature of 
1200 K to 1500 K. 

[0030] It is therefore expedient to also spatially separate these processes from one another by 
appropriate devices, here realized by a separate lock chamber, to such an extent that mutual 
interactions are largely ruled out. This configuration is also favorable in terms of the method. 
In this case, the lock chamber serves primarily to transfer the products from the coating 
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chamber to the postheat treatment chamber. It is an integral part of the vacuum plant. A 
heating device is preferably provided in the lock chamber, this heating device ensuring a 
predetermined product temperature during the transfer. 

[0031] In this case, the product temperature in the lock chamber can advantageously be 
continuously adapted to the respective process temperatures during the transfer of the 
products from the coating chamber into the postheat treatment chamber. Furthermore, when 
the vacuum plant is used for industrial series production in a simultaneous continuous 
method, the lock chamber serves as an important buffer system in order to adapt the 
quantities to one another, if need be, and thus ensure as far as possible a continuous pass of 
products. 

[0032] A transfer system is preferably provided for the automatic transfer of the product from 
a vacuum chamber (preheating chamber, coating chamber, lock chamber, postheat treatment 
chamber, cooling chamber) into another vacuum chamber of the vacuum plant. 
[0033] In particular in a vacuum plant, automatic, preferably electronically controlled, transfer 
of the products is far superior to other known embodiments, for example with compUcated 
manipulators manually operable externally and with sealed vacuum leadthroughs. In order to 
permit in particular a continuous and automated pass of the products, the vacuum chambers of 
the vacuum plant (preheating chamber, coating chamber, lock chamber, postheat treatment 
chamber, cooling chamber) are equipped with a suitable transfer system. In this case, the 
transfer system has devices for receiving products, for transporting products and for transferring 
products, the devices being arranged in the individual vacuum chambers. 

[0034] The coating chamber preferably has a first receiving capacity and the postheat 
treatment chamber preferably has a second receiving capacity for products, the second 
receiving capacity being greater than the first receiving capacity. In general, the (average) 
number of products in a vacuum chamber is obtained from the number of fed products per 
unit of time multiplied by the (average) retention time of the products in the vacuum 
chamber. 

[0035] In the ideal continuous pass, the number of fed products per imit of time is the same 
for all vacuum chambers. The (average) number of products in a vacuum chamber is then 
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determined by the retention time in this vacuiim chamber. The relative receiving capacities to 
be planned for products for the coating chamber and for the postheat treatment chamber are 
then approximately given by the respective process times in these vacuum chambers. 
[0036] For the application of an MCrAlX coating according to the VPS or LPPS process to a 
gas turbine blade having a parent material made of a nickel-, iron- or cobalt-base superalloy, a 
process time of typically about 30 minutes is obtained, whereas the postheat treatment of the 
gas turbine blade has a process time of about 120 minutes. The postheat treatment chamber is 
therefore to be dimensioned and configured in such a way that its receiving capacity for gas 
turbine blades is at least four times as great as the receiving capacity of the coating chamber. 
The vacuum plant is conceived in such a way that it advantageously permits an adaptation of 
the receiving capacities to the respective process times and thus a continuous and 
simultaneous pass of products, a factor which in turn is very favorable for industrial series 
production. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0037] The apparatus and the method for coating a product with a metallic coating in a 
vacuum plant are explained in more detail by way of example with reference to the non- 
limiting exemplary embodiments discussed in the application and shown in the drawings, in 
which, in a partly schematic and simplified manner: 

[0038] Fig. 1 illustrates a schematic longitudinal section of a vacuum plant for coating 
products, for example gas turbine blades, with a metallic coating, 

[0039] Fig. 2 is a diagram with a simplified temperature profile for a product according to a 
conventional method, and 

[0040] Fig. 3 is a diagram with a simplified temperature profile for a product according to the 
method according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0041] A vacuum plant 1 for coating products 12, here gas turbine blades 12 for example, with a 
metallic coating 13 is shown schematically in figure 1 in a longitudinal section. The vacuum plant 
1 has various vacuum chambers 2, 3, 4, 5, 6 - successively a preheating chamber 2, a coating 
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chamber 3, a lock chamber 4, a postheat treatment chamber 5 and a cooling chamber 6. In this 
case, the coatmg chamber 3 is connected in a vacuum-tight manner to the postheat treatment 
chamber 5 via the lock chamber 4. The preheating chamber 2 is arranged upstream of the coating 
chamber 3 and is connected to the latter in a vacuum-tight manner. The cooling chamber 6 is 
arranged downstream of the postheat treatment chamber 5 and is connected to the latter in a 
vacuum-tight manner. 

[0042] In each case, at least one heating device 7, 7A is provided in the preheating chamber 2, the 
lock chamber 4, the postheat treatment chamber 5 and the cooling chamber 6. In the exemplary 
embodiment shown, the heating devices 7, 7A in the individual vacuum chambers 2, 4, 5, 6 are 
designed as radiant heating elements for the controlled heating of the gas turbine blades 12 
arranged in the vacuum chambers to a predetermined product temperature. Provided in the 
vacuum chambers 2, 3, 4, 5, 6 is a transfer system 8, 11 which is designed in each case as a 
delivery/receiving device 1 1 and transport device 8 in the individual vacuum chambers 2, 3, 4, 5, 
6. In each case at least two gas turbine blades 12 are arranged on the respective transport devices 8 
in the preheating chamber 2, the lock chamber 4, the postheat treatment chamber 5 and the cooling 
chamber 6. 

[0043] The coating chamber 3 has a coating region 9 in which a coating device 14 and a 
holder 16, rotatable about a longitudinal axis 17, for gas turbine blades 12 are arranged. In 
this exemplary case, the coating device 14 is preferably designed as a VPS (Vacuum Plasma 
Spraying) or LPPS (Low Pressure Plasma Spraying) device (plasma torch) for the thermal 
spraying of coating material 15 - for example MCrAlX - onto a gas turbine blade 12. The 
coating device 14 at the same time serves to heat the gas turbine blade 12 to a predetermined 
product temperature. This is ensured during a coating operation by the hot process gases of 
the coating device 14 (plasma torch) and by the coating material 15 striking the gas turbine 
blade 12. 

[0044] A gas turbine blade 12 is located in the coating region 9 on the holder 16. The coating 
device 14 is arranged above the gas turbine blade 12 in the coating region 9. Formed in the 
postheat treatment chamber 5 is a postheat treatment region 10, in which a number of coated 
gas turbine blades 12 having a metallic coating 13, preferably an MCrAlX coating, are 
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located on the transport device 8. In this case, the number of gas turbine blades 12 in the 
postheat treatment region 10 is greater than the number of gas turbine blades 12 in the coating 
region 9. 

[0045] Two heating devices 7A are provided in the postheat treatment region 10. One heating 
device 7A is arranged above and the other heating device 7A is arranged below the gas 
turbine blades 12, so that heating of the gas turbine blades 12 to a predetermined product 
temperature (which is preferably the postheat treatment temperature) is thereby ensured by 
heat radiation. The vacuum chambers 2, 3, 4, 5, 6 of the vacuum plant 1 are connected to a 
vacuum pump system (not shown in figure 1), which preferably consists of a diffiision pump, 
valves and vacuum measuring devices and also a backing pimip, so that a respectively 
required vacuum can be set in the individual vacuum chambers 2, 3, 4, 5, 6. 
[0046] In the coating method for coating a product 12, for example a gas turbine blade 12, with 
a metallic coating 13, preferably a metalhc MCrAlX anti-oxidation coating, in a vacuum plant 

1, a gas turbine blade 12 is first of all fed into the preheating chamber 2 and arranged on the 
transport device 8 of the transfer system 8, 1 1. The preheating chamber 2 serves to receive and 
preheat the gas turbine blade 12. With the heating device 7 provided in the preheating chamber 

2, the gas turbine blade 12 is heated from room temperature to a product temperature which is 
the coating temperature. 

[0047] The gas turbine blade 12 is pretreated in the preheating chamber 2 and prepared for 
subsequent method steps, in particular for the application of the metallic coating 13 to the gas 
turbine blade 12 in the coating chamber 3. In the preheating chamber 2, possible impurities 
which may have entered the surface of the gas turbine blade 12 can also be emitted as gases 
from the gas turbine blade 12. Therefore the preheating chamber 2, in addition to the 
preliminary process heating, at the same time performs an important cleaning function for the 
gas turbine blade 12 to be coated. 

[0048] After the heating and degassing process, a gas turbine blade 12 having an appropriately 
clean prepared surface and well-defined product temperature which is the coating temperature is 
prepared here. The gas turbine blade 12 is then automatically transferred by the transfer system 
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8, 1 1 from the preheating chamber 2 into the coating region 9 of the coating chamber 3 and 
arranged on a movable holder 16, here rotatable about a longitudinal axis 17. 
[0049] In the coating chamber 3, during the coating operation, a metallic coating 13, for 
example an MCrAlX anti-oxidation coating, is applied to the gas turbine blade 12. The coating 
material 15 (MCrAlX), for example by thermal spraying with VPS or LPPS spraying 
methods, is applied to the surface of the gas turbine blade 12 moving about the longitudinal 
axis 17, in this exemplary case rotating about the longitudinal axis 17. 

[0050] In this exemplary case, the process time for applying this coating 13 is about 30 min. 
During this period, the gas turbine blade 12 is held at a coating temperature of around 1100 K 
to about 1200 K by the process-related heat input into the gas turbine blade 12. In this 
exemplary case, the gas turbine blade 12 is heated by the hot process gases of the coating 
device 14 (plasma torch) and by the coating material 15 striking the gas turbine blade 12. 
[0051] After the metallic coating 13 has been applied to the gas turbine blade 12, the latter is 
automatically transferred by the transfer system 8, 1 1 from the coating region 9 into the 
postheat treatment region 10. This transfer is effected via the lock chamber 4. 
[0052] In the lock chamber 4, the gas turbine blade 12, by means of the heating device 7 
arranged there, is held at a predetermined product temperature which is always higher than a 
minimum temperature. The minimum temperature in this exemplary case is preferably higher 
than room temperature and is preferably 500 K, in particular between about 900 K and about 
1400 K. 

[0053] After the transfer, the gas turbine blade 12 provided with a metallic coating 13 is 
subjected to a postheat treatment in the postheat treatment region 10, this postheat treatment 
taking place at a postheat treatment temperature of about 1200 K to about 1500 K. To this 
end, the gas turbine blade 12 is brought to the predetermined postheat treatment temperature 
by means of the heating devices 7A and is held at this postheat treatment temperature for a 
period of time. Here, the process time is, for example, 120 min (also see descriptions with 
respect to figure 2 and figure 3). As a result, firm bonding (diffiision bonding) between the 
metallic coating 13 and the parent material of the gas turbine blade 12 is produced. 
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[0054] After the postheat treatment, the gas turbine blade 12 is automatically transferred from 
the postheat treatment chamber 5 into the cooling chamber 6. A gas turbine blade 12 is heated 
after it has been subjected to the postheat treatment. In order to treat the gas turbine blade 12 
ftirther or feed it to its destination, it is brought to room temperature in a suitable manner. To 
this end, it has to be cooled down. 

[0055] In conventional methods, this is likewise carried out in the external postheat treatment 
chamber, which does not have a vacuum coupling to the coating chamber. In the vacuum 
plant, on the other hand, the controlled cooling operation is effected in the separate cooling 
chamber 6. In order to cool the gas turbine blade 12 in a controlled manner, a heating device 
7 is provided in the cooling chamber 6. This heating device 7 ensures that the gas turbine 
blade 12 is at a predetermined temperature during the cooling operation. As a result, the gas 
turbine blade 12 is not cooled too rapidly via heat radiation or heat conduction to the 
surroundings, but is cooled virtually steadily by the temperature being reduced down to room 
temperature gradually and in a controlled manner by controlling or regulating the heating 
output of the heating device 7, Once the gas turbine blade 12 has been cooled down to room 
temperature in a controlled manner in the cooling chamber 6, it is removed from the cooling 
chamber 6. 

[0056] The method, just described by way of example for a product 12, in particular a gas 
turbine blade 12, for coating a product 12 with a metallic coating 13 is characterized by the 
fact that it is conceived as a continuous and nearly simultaneous method. In this way, a 
plurality of products 12 can pass through various method steps nearly simultaneously and 
continuously. In figure 1, this is illustrated by the fact that, for example, one gas turbine blade 
12 is located in the coating region 9 and nearly simultaneously, a larger number of gas turbine 
blades 12 is in each case located in the preheating chamber 2, the lock chamber 4, the 
postheat treatment chamber 10 and the cooling chamber 6. A metallic coating 13 is therefore 
applied to gas turbine blades 12 in the coating region 9, while gas turbine blades 12 provided 
with a metallic coating 13 are nearly simultaneously subjected to a postheat treatment in the 
postheat treatment region 10; and at the same time gas turbine blades 12 are pretreated in the 
preheating chamber 2, and at the same time gas tvirbine blades 12 are cooled down in a 
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controlled manner in the cooling chamber 6, and at the same time gas turbine blades 12 are 
transferred in the lock chamber 4. A continuous and nearly simultaneous pass of gas turbine 
blades 12 through the various method steps is possible. 

[0057] In particular, in this continuous method, the pass of gas turbine blades 12 per unit of 
time is markedly increased compared with non-simultaneous and/or discontinuous methods. 
In the method, due to the different process times of the individual method steps, more gas 
turbine blades 12 are subjected to a postheat treatment than are coated at the same time in the 
coating region 9, since the postheat treatment process generally constitutes the limiting 
process with respect to time. By designing the vacuum plant 1 with due regard to the 
respective process times, a continuous and simultaneous pass of products 12 is ensured, and 
efficient production of metallic coatings 13 on products 12 is made possible. In this case, the 
method, in addition to the coating of gas turbine blades 12, is also suitable for coating other 
high-temperature components of a gas turbine, for example for heat shield elements of a 
combustion chamber. 

[0058] In the following figures, the process control with regard to the temperature profile 
according to a conventional method (figure 2) and according to the method according to the 
invention (figure 3) are compared with one another and explained in more detail. Reference is 
occasionally made here to the reference numerals in figure 1 for the purpose of clarification. 
[0059] Figure 2 shows a diagram in which the temperature is plotted against time for a 
product 12, in particular for a gas turbme blade, according to a conventional coating method. 
The time t is plotted on the X-axis of the diagram, and the temperature T of the product 12 at 
a certain time t during the method is plotted on the Y-axis. The product temperature T as a 
fiinction of the time t is shown in the diagram as curve trace Ti(t). 

[0060] The product 12 is first of all heated linearly from room temperature Tr to a product 
temperature T which is the coating temperature Tc- While the metallic coating 13 is being 
applied to the product 12, the temperature for the coating process time Ate is kept at the 
coating temperature T^. The product 12 is then cooled down from the coating temperature Tc 
to room temperature T^. 
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[0061] The product 12 is then normally removed from the coating chamber 3, put into 
intermediate storage in a suitable manner, and fed at an unspecified point in time to a postheat 
treatment chamber 5 for postheat treatment. The postheat treatment of the product 12 
therefore does not take place directly after the application of the metallic coating 13. 
[0062] In order to illustrate this, the time axis t in figure 2 is interrupted after the cooling to 
room temperature Tr and before the start of the postheat treatment. This is therefore not a 
continuous method. The product 12 is eventually subjected to a postheat treatment. To this 
end, the product 12 is first of all heated from room temperature Tr (linearly) to a product 
temperature T v^hich is the postheat treatment temperature Th. The latter is higher than the 
coating temperature Tc- Since the postheat treatment generally has a longer process time than 
the application of the metallic coating 13, the postheat treatment process time Atn during 
which the product is at the postheat treatment temperature Th is accordingly greater than the 
coating process time Ate- 

[0063] For example, for a postheat treatment of products 12 which constitute gas turbine 
blades, the postheat treatment process time Atg is about four times as great as the coating 
process time Ate. After the postheat treatment, the product 12 is cooled down again from the 
postheat treatment temperature Th to room temperature Tr. The process control with regard to 
the temperature profile in a conventional method is characterized by the fact that the product 
12 is cooled down to room temperature Tr between the application of the metallic coating 13 
and the postheat treatment. 

[0064] A diagram having a temperature profile for a product 12, in particular for a gas turbine 
blade, according to the method according to the invention is shown in figure 3, The time t is 
plotted on the X-axis of the diagram, whereas the product temperature T of the product 12 at 
a certain time t is plotted on the Y-axis of the diagram. The product temperature T as a 
fiinction of the time t is illustrated in the diagram by the corresponding curve trace T2(t), 
[0065] With this temperature profile, the product 12 is first of all heated linearly from room 
temperature Tr to a product temperature T which is the coating temperature T^. While the 
metallic coating 13 is being applied to the product 12, the temperature for the coating process 
time Ate is kept at the coating temperature Tc- For products 12 which constitute, for example. 
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gas turbine blades which are preferably provided with an MCrAlX coating, the coating 
temperature Tc is about 1 100 K to about 1200 K. 

[0066] Directly after the actual coating operation, the product 12 is transferred continuously 
from the coating region 9 into the postheat treatment region 10 through the lock chamber 4, 
which, as illustrated, is possibly associated with a change in the temperature of the product 
12, generally with a decrease in the temperature. The temperature profile in this method step 
is constructed in such a way that the possible temperature decrease of the product 12 from the 
coating temperature to a minimum temperature Tj^j^ is restricted, this minimum 
temperature T^^^^ being higher than room temperature Tr. In gas turbine blades, the minimum 
temperature T^^^ in this case is preferably higher than about 500 K, in particular between about 
900 K and about 1400 K. 

[0067] The product 12, for the postheat treatment, is then heated to a product temperature T 
which is the postheat treatment temperature T^ and which, for example for gas turbine blades, is 
around 1200 K to about 1500 K. The postheat treatment takes place at the postheat treatment 
temperature T^, at which the product 12 is held for a postheat treatment process time Atjj. The 
postheat treatment process time Atj^ is greater than the coating process time At^. 
[0068] After the postheat treatment, the product 12 is cooled down fi-om the postheat treatment 
temperature Th to room temperature Tr. The time-dependent temperature profile of the product 
12 according to this method has a continuous curve trace T2(t) which, in particular, connects the 
plateau region having the coating temperature Tc and the following plateau region having the 
postheat treatment temperature Th in a controlled manner and continuously to one another. The 
connection is effected in this case in such a way that, at all times, a minimum temperature T^i^ 
of the product 12 is ensured, in which case the product 12 is definitely not cooled down to room 
temperature T^ and/or is definitely not exposed to the atmosphere. 

[0069] This novel process control with regard to the temperature profile makes it possible to 
markedly improve the bonding of the metallic coating 13 on the parent material of the 
product 12 during the postheat treatment. The product 12 in this case is always close to a state 
of thermodynamic equilibrium with its surroundings. Time and spatial temperature gradients. 
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in particular harmful thermal shocks as a result of cooling to room temperature Tr, are 
avoided, which has a very advantageous effect on the quality of the metallic coating, 
[0070] The invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and scope of 
the invention, and all such modifications as would be obvious to one skilled in the art are 
intended to be included within the scope of the following claims. 
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Method and apparatus for coating a product, in 
particular a high-temperature component of a gas 
turbine 

C^^^^The invention relates to a method of coating a 
product with a metallic coating, in particular with a 
metallic anti-oxidation coating, in a vacuum plant. In 
10 the method, the product is fed into the vacuum plant 
and heated from room temperature to a product 
temperature, the metallic coating is applied to the 
product, and the coated product is subjected to a 
postheat treatment . Furthermore, the invention relates 
O 15 to an apparatus for coating a product with a metallic 
j;^ coating m a vacuum plant, the vacuum plant eompifts^ig 

H a citing chamber and a postheat treatment chamber. 

S "'XoStrrrig pTants for coating gas turbine blades are 

y known , e.g. an inl ine EB - PVD coat ing plant from 

J'' 20 Interturbine Von Ardenne GmbH (EB-PVD: Electron Beam - 
Q. Physical Vapor Deposition) , in which a ceramic coating 

m is applied to the gas turbine blade by means of 

physical vaporization processes. Such a coating plant, 
[4 for example, may be composed of chambers arranged 

25. directly one behind the other and connected to a 
transfer system for conveying the turbine blades. In 
this case, the first chamber serves as a loading 
chamber for turbine blades. From the loading chamber, 
the turbine blades are transported into a second vacuum 
30 chamber connected to the loading chamber and are 
preheated there. Further transport into a process 
chamber then takes place, in which process chamber a 
ceramic material, in particular an yttrium-stabilized 
zirconium oxide, is heated, melted and vaporized by 
35 means of electron beam vaporization. The ceramic 
material condenses on the turbine blades and 
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therefore forms the ceramic coating. The turbine blades 
thus coated are transported further into a cooling 
chamber and cooled therein. The cooling is effected 
without monitoring, in particular in an uncontrolled 
manner, since the turbine blades are left on their own 
in the cooling chamber and consequently emit their heat 
to the surroundings via heat radiation until they have 
cooled down to room temperature. 

US patent 5,238,752 discloses a heat-insulating- 
coating system which is applied to a turbine blade. In 
this case, the parent material of the turbine blade 
consists of a nickel -base superalloy to which a metallic 
protective or bonding coating of the type MCrAlY or PtAl 
is applied. Here, M stands for nickel and/or cobalt, Cr 
stands for chromium, Al stands for aluminum, Y stands 
for yttrium and Pt stands for platinum. Forming on this 
metallic bonding coating is a thin coating of aluminum 
oxide, to which the actual ceramic heat -insulating 
coating of zirconium oxide stabilized with yttrium is 
applied. In this case, the turbine blade is coated by 
means of a physical vaporization process in which the 
ceramic material (zirconium oxide) is vaporized by being 
bombarded with electron beams. This coating process is 
effected in a vacuum chamber, the turbine blade being 
heated via a substrate heater by means of heat radiation 
to a temperature of about 12 00 K to 14 00 K, in 
particular about 1300 K. 

Those coatings on turbine blades which are 
produced in the above -described, known methods and 
apparatuses are still capable of improvement with 
regard to their service life, in particular in the case 
of hot -gas admission when used in a gas turbine. 

THe"^obJect of the invention is to provide a method 
of coating a product with a metallic coating. In this 
case, the fatigue strength of the metallic coating, in 
particular against corrosive and 
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oxidizing attacks, is to be markedly improved. A 
further object of the invention is to specify an 
apparatus for coating a product with a metallic 
coating. The production of a metallic coating of high 
quality on the product is to be possible with the 
apparatus . 

According to the invention, the first-mentioned 
object is achieved by a method of coating a product 
with a metallic coating, in particular with a metallic 
ant 1- oxidation coating, m a vacuum plantY^ ^n whi^ ^ 
method^ the product is fed into the vacuum plant and 
heated from room temperature to a product temperature^^ / 



the metallic coating is applied to the productjfjand the 
coated product is subjected to a postheat treatment^; 
15 /the postheat treatment £©ir3r©wifi:g|^ the application of the 
coating in such a way that the temperature of the 
product after the application of the coating and before 
the postheat treatment is at least as high as a minimum 
temperature , the minimum temperature being \ higher than ^ 

2 0 room temperature. 

In this case, the invention is based on the idea 
that the quality of a primary metallic coating applied 
to the parent material of a product is especially 
important. Material properties and characteristic 
25 coating properties, such as the homogeneity of the 
coating, the bonding to the substrate, and the 
structure of the boundary layer between coating and 
substrate for example, are important quality features. 
These also have an effect on the bonding and condition 

3 0 of further coatings which are applied to the primary 

coating possibly in further coating processes. 

A metallic coating on a product, for example a 
metallic ant i- oxidation coating, will therefore develop 
its function more effectively, for instance as a 
35 protective coating against corrosion and/or oxidation, 
the better the abovementioned 
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coating properties are realized. For the service life 
of metallic coatings on products which appear under 
oxidizing or corrosive conditions, for example, in 
addition to the selection of the materials, in 
particular the bonding of the coating to the parent 
material of the product is decisive. This depends on 
the treatment of the product in all the phases of the 
production process. In this case, chemical and physical 
- in particular thermal - influences which may possibly 
impair the forming and bonding of the coating are to be 
taken into account .^Chemical influences can be largely 
reduced by the selection of suitable materials for all 
the built-in components of the equipment, which as far 
as possible are to be chemically inert with respect to 
the coating materials. Physical conditions under which 
the process for producing a coating takes place relate 
to the process control in its entirety, that is to say 
from the preparation of the product, via the 
application of the protective coating up to the further 
treatment of the product, normally a subsequent 
postheat treatment - and all possible intermediate 
steps. ^he monitoring and configuration of the process 
control in all the phases of the production process is 
therefore very important. In this case, time -dependent 
and locus -dependent thermodynamic process parameters, 
such as pressure and temperature, to which the product 
is subjected in the production process are to be taken 
into account. For example, on account of the generally 
different coefficients of thermal expansion of parent 
material and coating material, the product temperature 
during the application of the coating (coating 
temperature) and the temperature profile up to 
completion of a postheat treatment of the coated 
product have a considerable effect on the formation of 
the boundary layer between product surface and coating. 
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Virtually steady process control with regard to 
the temperature in all the phases of the process for 
producing the metallic coating can be achieved with the 
method. In this case, after the application of the 
metallic coating to the 
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product and before the postheat treatment, a minimum 
temperature of the product is ensured at all times, 
this minimum temperature being higher than room 
temperature . 

In the case of products which constitute high- 
temperature components of gas turbines, for instance in 
the case of gas turbine blades or heat shield elements 
of combustion chambers, this minimum temperature is 
preferably about 500 K, in particular about 900 K to 
1400 K. ^ , , 

The method (is--~€ba^^a^3t^^^i^edr--^ the 

product^ IS always close to a state of thermodynamic 
equilibrium with its surroundings. Time -dependent and 
spatial temperature gradients, in particular thermal 
shocks, are j avoided. By this novel method in the 
process control with regard to the temperature profile, 
it is possible to markedly improve the bonding of the 
metallic coating to the parent material of the product 
in the postheat treatment. In the postheat treatment 
following the application of the metallic coating in 
this manner, a firm connection between parent material 
and coating material is produced by diffusion actions, 
and a coating of high quality is formed on the product. 

The application of the metallic coating to the 
product is preferably effected in a coating region and 
the postheat treatment is preferably effected in a 
postheat treatment region. In this case, the coating 
region and the postheat treatment region are different 
regions of the vacuum plant. It is advantageous to 
carry out the application of the metallic coating to 
the product and the postheat treatment in the same 
vacuum plant but spatially separate from one another, 
since these process steps are carried out at somewhat 
different temperatures and generally have different 
process times. For example, the application of a 
metallic coating to a gas turbine blade, in particular 
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a metallic ant i -oxidation and anti- corrosion coating, 
is carried out at a coating temperature of about 1100 K 
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to 12 00 K, whereas the postheat treatment of the gas 
turbine blade is effected at a postheat treatment 
temperature of about 1200 K to 1500 K. The separation 
of coating region and postheat treatment region has a 
5 favorable effect on the quality and reproducibility of 
the metallic coatings. A situation in which different 
process steps having different process parameters are 
carried out in the same region of a plant is avoided. 
This could be effected virtually only with a periodic 
10 change of the operating parameters of the vacuum plant, 
a factor which impairs the quality and reproducibility 
of the coatings. 

The coated product is preferably transferred 
automatically from the coating region into the postheat 
W 15 treatment region. This procedure is very advantageous 
lJ with regard to industrial production of the metallic 

coating. In particular in a vacuum plant, automatic, 
ri preferably electronically controlled, transfer of the 

^3 products is far superior to other known embodiments, 

2 0 for example with complicated manipulators manually 
^ operable externally and with sealed vacuum 

jj 1 e ad t hr oughs . 

ff The product subjected to postheat treatment is 

preferably cooled down to room temperature in a 

25 controlled manner. The cooling to room temperature is 
also preferably carried out in a controlled or 
regulated manner. This is effected just prior to 
possible removal of the product from the vacuum plant. 
Monitoring and control of the cooling operation avoids 

30 a situation in which, after completion of the postheat 
treatment, the product is cooled down in an 
uncontrolled manner to room temperature, a factor which 
could have an adverse effect on the coating properties 
on account of the thermal stresses which then occur 

35 between the metallic coating and the substrate. 
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A first number of products is preferably located 
in the coating region and simultaneously a second 
number of products is preferably located in the 
postheat treatment region, the second 
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nuinnber being larger than the first number. This procedure 
is very advantageous with regard to industrial series 
production of metallic coatings on products. The metallic 
coating is applied to products in the coating region, 
5 while at the same time products are subjected to a 
postheat treatment in the postheat treatment region. This 
provides for efficient production of metallic coatings on 
products. A continuous and simultaneous pass of products 
through the method steps is possible .^In particular, in 

10 this continuous method, the pass of products per unit of 
time is markedly increased compared with non- simultaneous 
method steps. In the method, due to the different process 
times of the individual method steps, more products are 
subjected to a postheat treatment than are located at the 

15 same time in the coating region, since the postheat 
treatment process generally constitutes the limiting 
process with respect to time. For example, the 
application of a metallic coating to a gas turbine blade, 
in particular the application of a metallic anti- 

20 oxidation and anti -corrosion coating, has a process time 
of about 30 min, whereas the postheat treatment of the 
gas turbine blade, at about 60 min to 240 min, lasts 
considerably longer. By designing the vacuum plant with 
due regard to the respective process times, a continuous 

25 and simultaneous pass of products is ensured, and 
efficient production is made possible. 

The product used is preferably a high- temperature 
component of a gas turbine, in particular a gas turbine 
blade or a heat shield element of a combustion chamber. 

30 Furthermore, the parent material used for the high- 
temperature component is preferably a nickel- or iron- 
or cobalt-base superalloy. A gas turbine blade is a 
high- temperature component which is arranged in the 
hot-gas duct of a gas turbine. A distinction is made 

35 between turbine guide blades and turbine moving blades, 
which are exposed to high thermal loads, in 
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particular in gas turbines having high turbine inlet 
temperatures of over 1500 K for example, and to 
corrosive and oxidizing conditions due to the hot gas* 
Therefore an appropriate alloy has to be selected for 
the parent material. An example of a high- temperature- 
resistant alloy of this type with high creep strength 
on a nickel basis is Inconel 713 C, which in its 
essential components is produced from 73% nickel, 13% 
chromium, 4.2% molybdenum and 2% niobium. 

The metallic coating used is preferably an MCrAlX 
alloy, where M stands for one or more elements of the 
group comprising iron, cobalt and nickel, Cr stands for 
chromium, Al stands for aluminum, and X stands for one 
or more elements of the group comprising yttrium, 
rhenium and the elements of the rare earths. This 
metallic coating is applied to the product, in 
particular the high- temperature component of a gas 
turbine, in the coating region in a known manner by 
thermal spraying with the VPS (Vacuum Plasma Spraying) 
or LPPS (Low Pressure Plasma Spraying) processes. The 
MCrAlX coatings are especially suitable for high- 
temperature components in gas turbines having a parent 
material of a nickel-, or iron- or cobalt-base 
superalloy. They are suitable in stationary gas 
turbines and aircraft engines having a high turbine 
inlet temperature. In addition, they are suitable as an 
adhesive mediator coating for the application of 
further coatings in other coating processes, such as, 
for example, for producing a ceramic heat -insulating 
coating on a product by means of PVD (Physical Vapor 
Deposition) . 

The object which relates to the apparatus is 
achieved according to the invention by an apparatus for 
coating a product with a metallic coating in a vacuum 
plant, comprising a coating chamber and a postheat 
treatment chamber, the postheat treatment chamber being 
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connected to the coating chamber in a vacuum- tight 
manner . 



C3 

u 

m 
w 

o 
0 

M 
C3 
u 



GR 99 P 3096 P - 9 - 

This makes it possible for the application of the 
metallic coating to a product and the subsequent 
postheat treatment to be carried out in one plant. The 
vacuum- tight connection between the coating chamber and 
5 the postheat treatment chamber ensures that the product 
is at no time exposed to the atmosphere, in particular 
the oxygen in the air, during the method. The vacuum 
plant is therefore superior to conventional plants in 
which separate vacuum chambers which are not connected 
10 to one another in a vacuum- tight manner are provided 
for the application of the coating and for the postheat 
treatment . 

A heating device is preferably provided in the 
postheat treatment chamber. The heating device is 
m 15 realized in known configurations, for example by a 
?f radiant heating element for indirect radiant heating or 

JS by an electron beam gun for heating the product by 

n direct electron bombardment. For the postheat 

yj treatment, the process control is to be configured with 

20 regard to the temperature of the product in such a way 
€1- . that the product temperature is set at a predetermined 

% value, the postheat treatment temperature. In this 

O case, the postheat treatment temperature is set by 

measuring the temperature of the product and regulating 

2 5 the heating output of the heating device, for example 

by regulating the radiation output of a radiant heating 
element via the heating current. 

A preheating chamber is preferably provided, this 
preheating chamber being arranged upstream of the 

3 0 coating chamber and being connected to the latter in a 

vacuum- tight manner. The preheating chamber is designed 
as a vacuum chamber and is an integral part of the 
entire vacuum plant for coating a product with a 
metallic coating. Provided in the preheating chamber is 
35 a heating device which is designed in a known manner, 
for example by a radiant heating element for indirect 
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radiant heating or by an electron beam gun for heating 
the product by direct electron bombardment. The 
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preheating chamber serves, on the one hand, to receive 
and preheat the product from room temperature to a 
product temperature and, on the other hand, to pretreat 
and prepare the product for subsequent method steps, in 
particular for the application of the metallic coating 
to the product in the coating chamber. In the 
preheating chamber, possible impurities which may have 
entered the surface of the product can also be emitted 
as gases from the product. Impurities may adversely 
affect the application of the coating to the product 
and thus the quality of the coating. Therefore the 
preheating chamber, in addition to the preliminary 
process heating, at the same time performs an important 
cleaning function for the product to be coated, so 
that, due to the degassing process, a product having an 
appropriately clean prepared surface and well-defined 
product temperature is prepared. 

A cooling chamber is preferably provided, this 
cooling chamber being arranged downstream of the 
postheat treatment chamber and being connected to the 
latter in a vacuum- tight manner. A product is heated 
after it has been subj ected to the postheat treatment . 
In order to treat the product further or feed it to its 
destination, it is brought to room temperature in a 
suitable manner. To this end, it has to be cooled down, 
for which purpose, in conventional methods, the 
external postheat treatment chamber, which is not 
coupled to a coating chamber, is likewise used. The 
product is cooled down in a controlled manner in this 
postheat treatment chamber In the vacuum plant, on the 
other hand, the controlled cooling operation is 
effected in a separate cooling chamber. In this case, 
the cooling chamber is designed as a vacuum chamber and 
is an integral part of the entire vacuum plant. In 
order to cool the product in a controlled manner, a 
heating device is provided in the cooling chamber. This 
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heating device ensures that the product is at a 
predetermined temperature during the cooling operation. 
As a result, the product is not cooled too rapidly via 
heat radiation or heat conduction to the surroundings 
but is cooled virtually steadily by the temperature 
being reduced down to room temperature gradually and in 
a controlled 
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manner by regulating the heating output of the heating 
device .%The heating device is designed, for example, in 
the form of a known radiant heating element for 
indirect radiant heating of the product. Additional 
5 known treatment devices for cooling the product, for 
instance in the form of a gas supply system for inert 
cooling gases (e.g. argon), can be provided in the 
cooling chamber. In this embodiment, inert cooling gas 
is admitted in a carefully metered manner to the heated 
10 products and the latter are cooled down to room 
temperature in a controlled manner. The cooling chamber 
advantageously serves at the same time as a removal 
chamber for the products. 

The vacuum-tight connection between the coating 
^ 15 chamber and the postheat treatment chamber is 
preferably produced via a lock chamber. Both the 
5f process times for the application of the metallic 

lij coating to the product and for its postheat treatment 

and the respective process parameters, in particular 
Q 2 0 the coating temperature and the postheat treatment 
|i temperature, are different. For example, the 

application of a metallic coating to a gas turbine 
f'f'- blade, in particular a metallic anti-oxidation and 

ant i- corrosion coating, is effected at a coating 
25 temperature of about 1100 K to 1200 K. On the other 
hand, the postheat treatment of the coated gas turbine 
blade is effected at a markedly higher postheat 
treatment temperature of 1200 K to 1500 K.|<[t is 
therefore expedient to also spatially separate these 
3 0 processes from one another by appropriate devices, here 
realized by a separate lock chamber, to such an extent 
that mutual interactions are largely ruled out. This 
configuration is also favorable in terms of the method. 
In this case, the lock chamber serves primarily to 
35 transfer the products from the coating chamber to the 
postheat treatment chamber. It is an integral part of 
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the vacuum plant. A heating device is preferably- 
provided in the lock chamber, this heating device 
ensuring a predetermined product temperature during the 
transfer. 
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In this case, the product temperature in the lock 
chamber can advantageously be continuously adapted to 
the respective process temperatures during the transfer 
of the products from the coating chamber into the 
5 postheat treatment chamber. Furthermore, when the 
vacuum plant is used for industrial series production 
in a simultaneous continuous method, the lock chamber 
serves as an important buffer system in order to adapt 
the quantities to one another, if need be, and thus 
10 ensure as far as possible a continuous pass of 
products . 

A transfer system is preferably provided for the 
automatic transfer of the product from a vacuum chamber 
(preheating chamber, coating chamber, lock chamber, 
15 postheat treatment chamber, cooling chamber) into 
rj another vacuum chamber of the vacuum plant. 

4J In particular in a vacuum plant, automatic, 

ffi 

ri preferably electronically controlled, transfer of the 

i3 products is far superior to other known embodiments, for 

p 2 0 example with complicated manipulators manually operable 
jJl externally and with sealed vacuum leadthroughs . In order 

j; to permit in particular a continuous and automated pass 

of the products, the vacuum chambers of the vacuum plant 
(preheating chamber, coating chamber, lock chamber, 
25 postheat treatment chamber, cooling chamber) are 
equipped with a suitable transfer system. In this case, 
the transfer system has devices for receiving products, 
for transporting products and for transferring products, 
the devices being arranged in the individual vacuum 
3 0 chambers . 

The coating chamber preferably has a first 
receiving capacity and the postheat treatment chamber 
preferably has a second receiving capacity for 
products, the second receiving capacity being greater 
35 than the first receiving capacity. In general, the 
(average) number of products 
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in a vacuum chamber is obtained from the number of fed 
products per unit of time multiplied by the (average) 
retention time of the products in the vacuum chamber. 
In the ideal continuous pass, the number of fed 
5 products per unit of time is the same for all vacuum 
chambers. The (average) number of products in a vacuum 
chamber is then determined by the retention time in 
this vacuum chamber. The relative receiving capacities 
to be planned for products for the coating chamber and 
10 for the postheat treatment chamber are then 
approximately given by the respective process times in 
these vacuum chambers ?| For the application of an MCrAlX 
coating according to the VPS or LPPS process to a gas 
Pl turbine blade having a parent material made of a 

15 nickel-, iron- or cobalt-base superalloy, a process 
time of typically about 30 minutes is obtained, whereas 
the postheat treatment of the gas turbine blade has a 
process time of about 12 0 minutes . The postheat 
treatment chamber is therefore to be dimensioned and 
20 configured in such a way that its receiving capacity 
for gas turbine blades is at least four times as great 
as the receiving capacity of the coating chamber. The 
vacuum plant is conceived in such a way that it 
advantageously permits an adaptation of the receiving 
25 capacities to the respective process times and thus a 
continuous and simultaneous pass of products, a factor 
which in turn is very favorable for industrial series 
producti^^ .^^^^^pj^^^j^^^ ju^y^^ 

The apparatus and the method for coating a product 
30 with a metallic coating in a vacuum plant are explained 
in more detail by way of example with reference to the 
) exemplary embodiments ^ shown in the drawing, in which, 
in a partly schematic and simplified manner: 
Fig. 1 shews a schematic longitudinal section of a 
35 vacuum plant for coating products, for example 

gas turbine blades, with a metallic coating. 
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Fig. 2 shows a diagram with a simplified temperature 
profile for a product according to a 
conventional method, and 
Fig. 3 -shows- a diagram with a simplified temperature 
profile for a product according to the method 
^ according to the invention. ^ ^ 

"""TT^acuum plant 1 for coating products 12, here gas 
turbine blades 12 for example, with a metallic coating 13 
is shown schematically in figure 1 in a longitudinal 
section. The vacuum plant 1 has various vacuum chambers 
2, 3, 4, 5, 6 - successively a preheating chamber 2, a 
coating chamber 3, a lock chamber 4, a postheat treatment 
chamber 5 and a cooling chamber 5. In this case, the 
coating chamber 3 is connected in a vacuum- tight manner 
to the postheat treatment chamber 5 via the lock chamber 
4 . The preheating chamber 2 is arranged upstream of the 
coating chamber 3 and is connected to the latter in a 
vacuum- tight manner. The cooling chamber 6 is arranged 
downstream of the postheat treatment chamber 5 and is 
connected to the latter in a vacuum-tight manner. ^In each 
case , at least one heating device 7 , 7A is provided in 
the preheating chamber 2, the lock chamber 4, the 
postheat treatment chamber 5 and the cooling chamber 6. 
In the exemplary embodiment shown, the heating devices 7, 
7A in the individual vacuum chambers 2, 4, 5, 6 are 
designed as radiant heating elements for the controlled 
heating of the gas turbine blades 12 arranged in the 
vacuum chambers to a predetermined product temperature. 
Provided in the vacuum chambers 2, 3, 4, 5, 6 is a 
transfer system 8, 11 which is designed in each case as a 
delivery/ receiving device 11 and transport device 8 in 
the individual vacuum chambers 2 , 3 , 4 , 5 , 6 . In each 
case at least two gas turbine blades 12 are arranged on 
the respective transport devices 8 in the preheating 
chamber 2, the lock chamber 4, the postheat treatment 
chamber 5 and the cooling chamber 6. 
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^ The coating chamber 3 has a coating region 9 in which a 
coating device 14 and a holder 16, rotatable about a 
longitudinal axis 17, for gas turbine blades 12 are 
arranged. In this ^ case, the coating device 14 isj 
5 designed as^a VPS (Vacuum Plasma Spraying) or LPPS (Low 
Pressure Plasma Spraying) device (plasma torch) for the 
thermal spraying of coating material 15 - for example 
MCrAlX - onto a gas turbine blade 12.^The coating 
device 14 at the same time serves to heat the gas 

10 turbine blade 12 to a predetermined product 
temperature. This is ensured during a coating operation 
by the hot process gases of the coating device 14 
(plasma torch) and by the coating material 15 striking 
the gas turbine blade 12.^ A gas turbine blade 12 is 

15 located in the coating region 9 on the holder 16. The 
coating device 14 is arranged above the gas turbine 
blade 12 in the coating region 9. Formed in the 
postheat treatment chamber 5 is a postheat treatment 
region 10, in which a number of coated gas turbine . 

20 blades 12 having a metallic coating 13, iift--paift4-etri.ar 
an MCrAlX coating, are located on the transport device 
8. In this case, the number of gas turbine blades 12 in 
the postheat treatment region 10 is greater than the 
number of gas turbine blades 12 in the coating region 

25 9.^^wo heating devices 7A are provided in the postheat 
treatment region 1 0 . One heat ing device 7A is arranged 
above and the other heating device 7A is arranged below 
the gas turbine blades 12, so that heating of the gas 
turbine blades 12 . to a predetermined product 

3 0 temperature Vwhich isj the postheat treatment temperature^ / 
is thereby ensured by heat radiation. The vacuum 
chambers 2, 3, 4, 5, 6 of the vacuum plant 1 are 
connected to a vacuum pump system (not shown in figure 
1) , which preferably consists of a diffusion pump, 

35 valves and vacuum measuring devices and also a backing 
pump, so that a respectively 
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required vacuum can be set in the individual vacuum 
chambers 2 , 3 , 4 , 5 , 6 . 

In the coating method for coating a product 12, for 
example a gas turbine blade 12, with a metallic coating 
5 13, in-— partiei*iar> a metallic MCrAlX ant i -oxidation 
coating, in a vacuum plant 1, a gas turbine blade 12 is 
first of all fed into the preheating chamber 2 and 
arranged on the transport device 8 of the transfer 
system 8, 11. The preheating chamber 2 serves to receive 
10 and preheat the gas turbine blade 12. With the heating 
device 7 provided in the preheating chamber 2, the gas 
turbine blade 12 is heated from room temperature to a 
product temperature which is the coating temperature. 
^The gas turbine blade 12 is pretreated in the preheating 



15 chamber 2 and prepared for subsequent method steps, in 
particular for the application of the metallic coating 
13 to the gas turbine blade 12 in the coating chamber 3 . 
In the preheating chamber 2, possible impurities which 
may have entered the surface of the gas turbine blade 12 

2 0 can also be emitted as gases from the gas turbine blade 
12. Therefore the preheating chamber 2, in addition to 
the preliminary process heating, at the same time 
performs an important cleaning ^function for the gas 



turbine blade 12 to be coatedTf After the heating and 
25 degassing process, a gas turbine blade 12 having an 
appropriately clean prepared surface and well-defined 
product temperature which is the coating temperature is 
prepared here. The gas turbine blade 12 is then 
automatically transferred by the transfer system 8, 11 
3 0 from the preheating chamber 2 into the coating region 9 
of the coating chamber 3 and arranged on a movable 
holder 16, here rotatable about a longitudinal axis 17. 

the coating chamber 3, during the coating operation, 
a metallic coating 13, for example an MCrAlX anti- 
35 oxidation coating, is applied to the gas turbine blade 
12. The coating material 15 (MCrAlX), 
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for example by thermal spraying with VPS or LPPS 
spraying methods, is applied to the surface of the gas 
turbine blade 12 moving about the longitudinal axis 17, 
in this^ case rotating about the longitudinal axis 17. ^ 
In this fcase^'^^the process time for applying this 
coating 13 is about 3 0 min. During this period, the gas 
turbine blade 12 is held at a coating temperature of 
around 1100 K toj 1200 K by the process-related heat 
input into the gas turbine blade 12. In this^case, the 
10 gas turbine blade 12 is heated by the hot process gases 
of the coating device 14 (plasma torch) and by the 
coating material 15 striking the gas turbine blade 12 . 
After the metallic coating 13 has been applied to the 
gas turbine blade 12, the latter is automatically 
15 transferred by the transfer system 8, 11 from the 
coating region 9 into the postheat treatment region 10. 
This transfer is effected via the lock chamber 4. n 
the lock chamber 4, the gas turbine blade 12, by means 
of the heating device 7 arranged there, is held at a 

2 0. predetermined product temperature which is always 

higher than a minimum temperature. The minimum 
temperature in this case ' is ^ higher than room / 
temperature and is preferably 50 0 K, in particular 
between about 900 K andjl400 K.lTAfter the transfer, the 
25 gas turbine blade 12 provided with a metallic coating 
13 is subjected to a postheat treatment in the postheat 
treatment region 10, this postheat treatment taking 
place at a postheat treatment temperature of about 12 00 
K to, 1500 K. To this end, the gas turbine blade 12 is 

3 0 brought to the predetermined postheat treatment 

temperature by means of the heating devices 7A and is 
held at this postheat treatment temperature for a 
period of time. Here, the process time is, for example, 
12 0 min (also see descriptions with respect to figure 2 
35 and figure 3) . As a result, firm bonding (diffusion 
bonding) between the metallic coating 13 and the parent 
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material of the gas turbine blade 12 is produced 
the postheat treatment, the gas turbine blade 
automatically transferred from the postheat 
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treatment chamber 5 into the cooling chamber 6. A gas 
turbine blade 12 is heated after it has been subjected 
to the postheat treatment. In order to treat the gas 
turbine blade 12 further or feed it to its destination, 
5 it is brought to room temperature in a suitable manner. 
To this end, it has to be cooled down.^In conventional 
methods, this is likewise carried out in the external 
postheat treatment chamber, which does not have a 
vacuum coupling to the coating chamber. In the vacuum 
10 plant, on the other hand, the controlled cooling 
operation is effected in the separate cooling chamber 
6. In order to cool the gas turbine blade 12 in a 
controlled manner, a heating device 7 is provided in 
the cooling chamber 6. This heating device 7 ensures 
^§ 15 that the gas turbine blade 12 is at a predetermined 
temperature during the cooling operation. As a result, 
the gas turbine blade 12 is not cooled too rapidly via 
heat radiation or heat conduction to the surroundings^ 
but is cooled virtually steadily by the temperature 

2 0 being reduced down to room temperature gradually and in 
a controlled manner by controlling or regulating the 
heating output of the heating device 7. Once the gas 
turbine blade 12 has been cooled down to room 
temperature in a controlled manner in the cooling 

25 chamber 6, it is removed from the cooling chamber 6. 

The method, just described by way of example for a 
product 12, in particular a gas turbine blade 12, for 
coating a product 12 with a metallic coating 13 is 
characterized by the fact that it is conceived as a 

3 0 continuous and j simultaneous method. In this way, a 
plurality of products 12 can pass through various 
method steps j simultaneously and continuously. In figure ^ 
1, this is illustrated by the fact that, for example, 
one gas turbine blade 12 is located in the coating 

35 region 9 and j simultaneously^ a larger number of gas 
turbine blades 12 is in each case located in the 



GR 99 P 3096 P - 18a - 

preheating chamber 2, the lock chamber 4, the postheat 
treatment chamber 10 and the cooling chamber 6. A 
metallic coating 13 is therefore applied to gas turbine 
blades 12 
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in the coating region 9, while gas turbine blades 12 
provided with a metallic coating 13 are^ simultaneously - 
subjected to a postheat treatment in the postheat 
treatment region 10^ j and at the same time gas turbine 
5 blades 12 are pretreated in the preheating chamber 2, 
and at the same time gas turbine blades 12 are cooled 
down in a controlled manner in the cooling chamber 6, 
and at the same time gas turbine blades 12 are 
transferred in the lock chamber 4. A continuous and 

10 ^simultaneous pass of gas turbine blades 12 through the 
various method steps is possible. ^In particular, in 
this continuous method, the pass of gas turbine blades 
12 per unit of time is markedly increased compared with 
non- simultaneous and/or discontinuous methods. In the 

15 method, due to the different process times of the 
individual method steps, more gas turbine blades 12 are 
subjected to a postheat treatment than are coated at 
the same time in the coating region 9, since the 
postheat treatment process generally constitutes the 

2 0 limiting process with respect to time. By designing the 

vacuum plant 1 with due regard to the respective 
process times, a continuous and simultaneous pass of 
products 12 is ensured, and efficient production of 
metallic coatings 13 on products 12 is made possible, 
25 In this case, the method, in addition to the coating of 
gas turbine blades 12, is also suitable for coating 
other high- temperature components of a gas turbine, for 
example for heat shield elements of a combustion 
chamber . 

3 0 In the following figures, the process control with 

regard to the temperature profile according to a 
conventional method (figure 2) and according to the 
method according to the invention (figure 3) are 
compared with one another and explained in more detail . 
35 Reference is occasionally made here to the reference 
numerals in figure 1 for the purpose of clarification. 
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Figure 2 shows a diagram in which the temperature 
is plotted against time for a product 12, in particular 
for a gas turbine blade, according to a conventional 
coating method. The time t is plotted on the X-axis of 
5 the diagram, and the temperature T of the product 12 at 
a certain time t during the method is plotted on the Y- 
axis. The product temperature T as a function of the 
time t is shown in the diagram as curve trace Ti(t)^The 
product 12 is first of all heated linearly from room 

10 temperature Tr to a product temperature T which is the 
coating temperature Tc. While the metallic coating 13 is 
being applied to the product 12, the temperature for 
the coating process time Ate is kept at the coating 
temperature Tq. The product 12 is then cooled down from 

15 the coating temperature Tc to room temperature TR.^The 
product 12 is then normally removed from the coating 
chamber 3, put into intermediate storage in a suitable 
manner, and fed at an unspecified point in time to a 
postheat treatment chamber 5 for postheat treatment . 

2 0 The postheat treatment of the product 12 therefore does 

not take place directly after the application of the 
metallic coating 13 . ifin order to illustrate this, the 
time axis t in figure 2 is interrupted after the 
cooling to room temperature Tr and before the start of 
25 the postheat treatment . This is therefore not a 
continuous method. The product 12 is eventually 
subjected to a postheat treatment. To this end, the 
product 12 is first of all heated from room temperature 
Tr (linearly) to a product temperature T which is the 

3 0 postheat treatment temperature Th. The latter is higher 

than the coating temperature Tq. Since the postheat 
treatment generally has a longer process time than the 
application of the metallic coating 13, the postheat 
treatment process time Atn during which the product is 
35 at the postheat treatment temperature Th X3 accordingly 
greater than the coating process time Ate.' For example, 
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for a postheat treatment of products 12 which 
constitute gas turbine blades, the 
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postheat treatment process time Atn is about four times 
as great as the coating process time Ate- After the 
postheat treatment, the product 12 is cooled down again 
from the postheat treatment temperature Th to room 
5 temperature Tr. The process control with regard to the 
temperature profile in a conventional method is 
characterized by the fact that the product 12 is cooled 
down to room temperature Tr between the application of 
the metallic coating 13 and the postheat treatment. 
10 A diagram having a temperature profile for a 

product 12, in particular for a gas turbine blade, 
according to the method according to the invention is 
shown in figure 3. The time t is plotted on the X-axis 
O of the diagram, whereas the product temperature T of 

% . 15 the product 12 at a certain time t is plotted on the Y- 
P axis of the diagram. The product temperature T as a 

% function of the time t is illustrated in the diagram by 

yj the corresponding curve trace T2(t).^With this 

temperature profile, the product 12 is first of all 
P 20 heated linearly from room temperature Tr to a product 
g temperature T which is the coating temperature Tc- While 

# the metallic coating 13 is being applied to the product 

p 12, the temperature for the coating process time Ate is 

kept at the coating temperature Tc. For products 12 

2 5 which consitute, for example, gas turbine blades which 

are [ provided with an MCrAlX coating, the coating 
temperature Tc is about 1100 K tojl200 KjTDirectly after 
the actual coating operation, the product 12 is 
transferred continuously from the coating region 9 into 

3 0 the postheat treatment region 10 through the lock 

chamber 4, which, as illustrated, is possibly 
associated with a change in the temperature of the 
product 12, generally with a decrease in the 
temperature. The temperature profile in this method 
35 step is constructed in such a way that the possible 
temperature decrease of the product 12 from the coating 
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temperature Th to a minimum temperature 
restricted, this minimum temperature Ttnin 
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being higher than room temperature Tr. In gas turbine 
blades, the minimum temperature Tmin in this case is 
preferably higher thanj 500 K, in particular between 
about 900 K andjl400 K./TThe product 12, for the postheat ^ 
5 treatment, is then heated to a product temperature T 
which is the postheat treatment temperature Th and 
which, for example for gas turbine blades, is around 
1200 K to] 1500 K. The postheat treatment takes place at 
the postheat treatment temperature Th, at which the 
10 product 12 is held for a postheat treatment process time 
AtH- The postheat treatment process time Atn is greater 
than the coating process time Atc9(After the postheat 
treatment, the product 12 is cooled down from the 
postheat treatment temperature Th to room temperature Tr. 
15 The time -dependent temperature profile of the product 12 
according to this method has a continuous curve trace 
T2(t) which, in particular, connects the plateau region 
^1 having the coating temperature Tc and the following 

plateau region having the postheat treatment temperature 
y 2 0 Th in a controlled manner and continuously to one 
another. The connection is effected in this case in such 
a way that, at all times, a minimum temperature Tmin of 
the product 12 is ensured, in which case the product 12 
is definitely not cooled down to room temperature Tr 
25 and/or is definitely not exposed to the atmosphere /| This 
novel process control with regard to the temperature 
profile makes it possible to markedly improve the 
bonding of the metallic coating 13 on the parent 
material of the product 12 during the postheat 
30 treatment. The product 12 in this case is always close 
to a state of thermodynamic equilibrium with its 
surroundings. Time and spatial temperature gradients, in 
particular harmful thermal shocks as a result of cooling 
to room temperature Tr, are avoided, which has a very 
35 advantageous effect on the quality of the metallic 
coating . 
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1. method of coating a gas turbine blade |j 12)) with 

a metallic anti-oxidation coating Ql^T^ in a vacuum 
5 plant (TljJ/ b_n which method] ( yc^^P^^ ^j^A 

{7a)}]^^gas turbine blade [Tl2) is fed int^ pie vacuum 
plant ^1) and heate'^^from room temperature ^T^j to 
a gas turbine blade temperature /1t) 
r(h)\^^W^e^ metallic anti -oxidation coating rTl3) is 
10 appliedj^to the gas turbine blade ^(12) J.^nd 

jjc)'|^^^^tS^oated gas turbine blade 12) is subjectedjto 
a postheat treatment, L ok^j^-.a 



(characterized in thatl the postheat treatment follows 
the application of the coating \j(^132j in such a way that 
15 the temperature of the gas turbine blade fTl2T(^after the 
application of the coating {i}-^^ and b|Jore the postheat 
treatment^is at least /as high as/JaF minimum temperature 
(jTtninj/ the minimum temperature |^Trnin)^ being j higher than 



?erature ^ 



2 .i^^^-^^H^ method as claimed in claim 1, [characterized m 
% that) iae~minimum temperature/ (Tmin) is about 500 YJ m 

O partici:^r about 900 K to 1400 Kj. 

3Jk'^e method as claimed in claim 1 /or 
^aracterized in thatf'THe application of the metallic 
25 coating ((13)1 to the gas turbine blade jTlfTl is effected 
in a coating regfoHTTTs) | and the postheat treatment is 
effected in a postheat treatment region^ |J10j, the 
coating region (TsTJ and the postheat treatment region 
^10)Jbeir^J different regions of the vacuum plant ^1^. 
30 4.(^V'*tfh^ method as claimed in claim 3, Characterized in 
thatjItHe coated gas turbine blade (J12)\ is j^'tTanslt erred 
^utomaticall^f rom the coating 
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region^9Tj into the postheat treatment region/ (isf. 

5. (V^e method as claimed in. claim IL 2 , 3 or 4), 
[characterized in thaU'y the J gas turbine blade ^{1^2)\ 

subjected to postheat treatment cooled downj to room 
5 temperature (JT^ in a controlled manner. ^^^^^^ 

6 . /^^'The^method as claimed in^ne of claim^]3£" 4 or ^, ^jhs<i'tA 
^aracterized in that^ a first number of gas turbine 

blades f[12)^i is located in the coating region jJsT] and 
Vmmultaneously. a second number of gas turbine blades 
10 f[12)\±B located in the postheat treatment region^dOJ, 
the second number being larger than the first number. 
1 .t^^^^he method as claimed in |^ne of the preceding 

claims, in particular as claimed in 1 claimTCT^ 

^^^^^ ^ 

characterized in that the parent! 7 material used for the 

r — ■ ^ o^e„ of O ^ - ^ 
15 gas turbine blade ^12) isja nickel - |o:^^iron- ^or cobalt- 
base superalloy. 

8 .(J^^^'Tftie^ method as claimed in (one of the preceding 



claim^|''^^haracterized in that|''|aTemetallicJcoa Jj^l3) j 
fuse^ is an MCrAlX alloy, where M stands for one or more 
elements of the group j comprisin^^ iron,*^ cobalt and 



20 



nickel^j^Cr stands for chromiurr^j^Al stands for aluminunpj^^ 
and X stands for one or more elements of the group 
l^omprisingj jyttrium, rhenium and the elements of the 
rare earths . 

25 9 . Cl^n^pparatus for coating a gas turbine blade ^12^ 
with a metallic ant i -oxidation coating ^(13)^ in a vacuum 
plant r(l|, comprising' a coating chamber (TsJ^ ' and'^a 
postheat treatment chamber Rsj , ffiaracterized in that^ lA^lifl 
the postheat treatment chamber y^5)J is connected to the 

3 0 coating chamber -^rjin a vacuum- tight manner. 
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lO.^^^^T^ie apparatus as claimed in claim 9 , ^characterized 
in tha^ j^arieating device (j[7A)j is provided in the 
postheat\treatment chamber j^(5l|. 

llft-^he apparatus as claimed in claim 9 [or^ I'j, L AUj or^^'^r^l^ 
5 ^^aracterized in tha^^a preheating chamber^(2) is 
provided, thi^-^reheating chamber [S2)\ being arranged 
upstream of the coating chamber! (3) and being connected . 
to the Qk^tterj jrn a vacuum- tight manner. 

12 (W^^ apparatus as claimed in claim 9/^ 10 or ll.jjmM^^^^^^^^^^ 
10 j^aracterized in thatl^a cooling chamber C{e) is 
provided, thispj-Sooling chamber (J6) \ being arranged 
downstream of the postheat treatment chamber and 
being c^nected 'fcrTKH'"^:i^Cerj^l^ a vacuum- tight manner. ^ 
IsC^'^he apparatus as claimed in claim sTlO, 11 or 12, 
15 characterized in thatj'^^the vacuum-tight connection 
between the coating chamber ^^r} and the post heat 
treatment chamber ((5)^ is produced via a lock chamber 

14. The apparatus as. claimed m claim 13, 
2 0 [characterized in thajaheating device \^(V)f is provided 
in thel^^^ chamber Q 4^ . cjiJjH 

15 /^^"^T^ieapparatus as claimed in ^le of claims||9 ^ 14} , fyfj-j ^^-f ^^^j 
Characterized in thatj a transfer system ^{8, 11) is 
provided^f or the automatic transfer of the gas turbine 
25 blade fXl2)J from ^ vacuu^^^amber ^2 , 3, 4, 5, 6^ into 
another ^acu^ chamber |^2, 3, 4, 5, ^jj of the vacuum 
plant Ij 1)| . 

16 .(i^^'-irrire^^apparatus as claimed in jone of claims 

Characterized in that? the coating chamber ^3) ha'^ ^^a^ /^Jf^^^ 
30 first receiving capacity and the 
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postheat treatment chamber ^5) has/Jasecond receiving 
capacity for gas turbine ^blades mi/, the second 
receiving capacity being greater than the first 



receiving capacity. 
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Abstract 

Met^od/^ and--^ apparatus f^-f^^.^oat^ilig \a prgduistx^in 
part.acu[L^ a/^gh\t^i:^erature componen-t'"''^^ of a gas 
tiiirbine 

The^J=^£P^PBftt±o^ method <oij^ coating a 

product Jc^^^^ with a metallic coating Jr^) , in 
particular a high- temperature component) of a gas 
turbine, in a vacuum plant . FurtJaermo^a-r ---fcfee 

irmenJtio&=-^eiates™to-"^^ apparatus §ar~-xroat-3r£Lgj ar product 
iJrS^ with a metallic coating in a vacuum plant 

, having a coating chamber Jc&T and a post heat 
treatment chamber - Novel process control with 

,n regard to jthg^ temperature profile i-s- — deTserifeedT in 

jfldaieh-^ — p^Qee&s-= — e ontro l , in particular after the 
i}% application of the metallic coating (13) ' to the product r 

and before the postheat treatment, ^ a minimum 
„r temperarature ('^i^f-~4re~-eftsmred at. all times, this 

minimum temperature 4^mffl^ being ^ higher than room 



temperature -(^r| 
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Description 

Method and apparatus for coating a product, in 
particular a high- temperature component of a gas 
turbine 

The invention relates to a method of coating a 
product with a metallic coating, in particular with a 
metallic ant i -oxidation coating, in a vacuum plant. In 
the method, the product is fed into the vacuum plant 
and heated from room temperature to a product 
temperature, the metallic coating is applied to the 
product, and the coated product is subjected to a 
postheat treatment. Furthermore, the invention relates 
to an apparatus for coating a product with a metallic 
coating in a vacuum plant, the vacuum plant comprising 
a coating chamber and a postheat treatment chamber. 

Coating plants for coating gas turbine blades are 
known, e.g. an inline EB-PVD coating plant from 
Interturbine Von Ardenne GmbH {EB-PVD: Electron Beam - 
Physical Vapor Deposition) , in which a ceramic coating 
is applied to the gas turbine blade by means of 
physical vaporization processes. Such a coating plant, 
for example, may be composed of chambers arranged 
directly one behind the other and connected to a 
transfer system for conveying the turbine blades. In 
this case, the first chamber serves as a loading 
chamber for turbine blades. From the loading chamber, 
the turbine blades are transported into a second vacuum 
chamber connected to the loading chamber and are 
preheated there. Further transport into a process 
chamber then takes place, in which process chamber a 
ceramic material, in particular an yttrium-stabilized 
zirconium oxide, is heated, melted and vaporized by 
means of electron beam vaporization. The ceramic 
material condenses on the turbine blades and 
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therefore forms the ceramic coating. The turbine blades 
thus coated are transported further into a cooling 
chamber and cooled therein. The cooling is effected 
without monitoring, in particular in an uncontrolled 
manner, since the turbine blades are left on their own 
in the cooling chamber and consequently emit their heat 
to the surroundings via heat radiation until they have 
cooled down to room temperature. 

US patent 5,238,752 discloses a heat-insulating- 
coating system which is applied to a turbine blade. In 
this case, the parent material of the turbine blade 
consists of a nickel -base superalloy to which a metallic 
protective or bonding coating of the type MCrAlY or PtAl 
is applied. Here, M stands for nickel and/or cobalt, Cr 
stands for chromium, Al stands for aluminum, Y stands 
for yttrium and Pt stands for platinum. Forming on this 
metallic bonding coating is a thin coating of aluminum 
oxide, to which the actual ceramic heat -insulating 
coating of zirconium oxide stabilized with yttrium is 
applied. In this case, the turbine blade is coated by 
means of a physical vaporization process in which the 
ceramic material (zirconium oxide) is vaporized by being 
bombarded with electron beams . This coating process is 
effected in a vacuum chamber, the turbine blade being 
heated via a substrate heater by means of heat radiation 
to a temperature of about 12 0 0 K to 14 00 K, in 
particular about 1300 K. 

Those coatings on turbine blades which are 
produced in the above -described, known methods and 
apparatuses are still capable of improvement with 
regard to their service life, in particular in the case 
of hot-gas admission when used in a gas turbine. 

The object of the invention is to provide a method 
of coating a product with a metallic coating. In this 
case, the fatigue strength of the metallic coating, in 
particular against corrosive and 
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oxidizing attacks, is to be markedly improved. A 
further object of the invention is to specify an 
apparatus for coating a product with a metallic 
coating. The production of a metallic coating of high 
5 quality on the product is to be possible with the 
apparatus . 

According to the invention, the first -mentioned 
object is achieved by a method of coating a product 
with a metallic coating, in particular with a metallic 

10 anti-oxidation coating, in a vacuum plant, in which 
method the product is fed into the vacuum plant and 
heated from room temperature to a product temperature, 
the metallic coating is applied to the product, and the 
coated product is subjected to a postheat treatment, 

15 the postheat treatment following the application of the 
coating in such a way that the temperature of the 
product after the application of the coating and before 
the postheat treatment is at least as high as a minimum 
temperature, the minimum temperature being higher than 

2 0 room temperature. 

In this case, the invention is based on the idea 
that the quality of a primary metallic coating applied 
to the parent material of a product is especially 
important. Material properties and characteristic 

2 5 coating properties, such as the homogeneity of the 

coating, the bonding to the substrate, and the 
structure of the boundary layer between coating and 
substrate for example, are important quality features. 
These also have an effect on the bonding and condition 

3 0 of further coatings which are applied to the primary 

coating possibly in further coating processes. 

A metallic coating on a product, for example a 
metallic anti-oxidation coating, will therefore develop 
its function more effectively, for instance as a 
35 protective coating against corrosion and/or oxidation, 
the better the abovementioned 
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coating properties are realized. For the service life 
of metallic coatings on products which appear under 
oxidizing or corrosive conditions, for example, in 
addition to the selection of the materials, in 
5 particular the bonding of the coating to the parent 
material of the product is decisive. This depends on 
the treatment of the product in all the phases of the 
production process. In this case, chemical and physical 
- in particular thermal - influences which may possibly 

10 impair the forming and bonding of the coating are to be 
taken into account . Chemical influences can be largely 
reduced by the selection of suitable materials for all 
the built-in components of the equipment, which as far 
as possible are to be chemically inert with respect to 

15 the coating materials. Physical conditions under which 
the process for producing a coating takes place relate 
to the process control in its entirety, that is to say 
from the preparation of the product, via the 
application of the protective coating up to the further 

20 treatment of the product, normally a subsequent 
postheat treatment - and all possible intermediate 
steps . The monitoring and configuration of the process 
control in all the phases of the production process is 
therefore very important. In this case, time -dependent 

25 and locus -dependent thermodynamic process parameters, 
such as pressure and temperature, to which the product 
is subjected in the production process are to be taken 
into account . For example, on account of the generally 
different coefficients of thermal expansion of parent 

3 0 material and coating material, the product temperature 
during the application of the coating (coating 
temperature) and the temperature profile up to 
completion of a postheat treatment of the coated 
product have a considerable effect on the formation of 

3 5 the boundary layer between product surface and coating. 
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Virtually steady process control with regard to 
the temperature in all the phases of the process for 
producing the metallic coating can be achieved with the 
method. In this case, after the application of the 
metallic coating to the 
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product and before the postheat treatment, a minimum 
temperature of the product is ensured at all times, 
this minimum temperature being higher than room 
temperature . 

5 In the case of products which constitute high- 

temperature components of gas turbines, for instance in 
the case of gas turbine blades or heat shield elements 
of combustion chambers, this minimum temperature is 
preferably about 500 K, in particular about 900 K to 
10 1400 K. 

The method is characterized by the fact that the 
product is always close to a state of thermodynamic 
equilibrium with its surroundings. Time -dependent and 
spatial temperature gradients, in particular thermal 

15 shocks, are avoided. By this novel method in the 
process control with regard to the temperature profile, 
it is possible to markedly improve the bonding of the 
metallic coating to the parent material of the product 
in the postheat treatment . In the postheat treatment 

20 following the application of the metallic coating in 
this manner, a firm connection between parent material 
and coating material is produced by diffusion actions, 
and a coating of high quality is formed on the product. 

The application of the metallic coating to the 

25 product is preferably effected in a coating region and 
the postheat treatment is preferably effected in a 
postheat treatment region. In this case, the coating 
region and the postheat treatment region are different 
regions of the vacuum plant. It is advantageous to 

3 0 carry out the application of the metallic coating to 
the product and the postheat treatment in the same 
vacuum plant but spatially separate from one another, 
since these process steps are carried out at somewhat 
different temperatures and generally have different 

35 process times. For example, the application of a 
metallic coating to a gas turbine blade, in particular 
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a metallic anti-oxidation and anti -corrosion coating, 
is carried out at a coating temperature of about 110 0 K 
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to 12 0 0 whereas the postheat treatment of the gas 

turbine blade is effected at a postheat treatment 
temperature of about 12 00 K to 1500 K. The separation 
of coating region and postheat treatment region has a 
favorable effect on the quality and reproducibility of 
the metallic coatings. A situation in which different 
process steps having different process parameters are 
carried out in the same region of a plant is avoided. 
This could be effected virtually only with a periodic 
change of the operating parameters of the vacuum plant, 
a factor which impairs the quality and reproducibility 
of the coatings. 

The coated product is preferably transferred 
automatically from the coating region into the postheat 
treatment region. This procedure is very advantageous 
with regard to industrial production of the metallic 
coating. In particular in a vacuum plant, automatic, 
preferably electronically controlled, transfer of the 
products is far superior to other known embodiments, 
for example with complicated manipulators manually 
operable externally and with sealed vacuum 
leadthroughs . 

The product subjected to postheat treatment is 
preferably cooled down to room temperature in a 
controlled manner. The cooling to room temperature is 
also preferably carried out in a controlled or 
regulated manner. This is effected just prior to 
possible removal of the product from the vacuum plant. 
Monitoring and control of the cooling operation avoids 
a situation in which, after completion of the postheat 
treatment, the product is cooled down in an 
uncontrolled manner to room temperature, a factor which 
could have an adverse effect on the coating properties 
on account of the thermal stresses which then occur 
between the metallic coating and the substrate. 
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A first number of products is preferably located 
in the coating region and simultaneously a second 
number of products is preferably located in the 
postheat treatment region, the second 
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number being larger than the first number. This procedure 
is very advantageous with regard to industrial series 
production of metallic coatings on products. The metallic 
coating is applied to products in the coating region, 
while at the same time products are subjected to a 
postheat treatment in the postheat treatment region. This 
provides for efficient production of metallic coatings on 
products. A continuous and simultaneous pass of products 
through the method steps is possible. In particular, in 
this continuous method, the pass of products per unit of 
time is markedly increased compared with non- simultaneous 
method steps. In the method, due to the different process 
times of the individual method steps, more products are 
subjected to a postheat treatment than are located at the 
same time in the coating region, since the postheat 
treatment process generally constitutes the limiting 
process with respect to time. For example, the 
application of a metallic coating to a gas turbine blade, 
in particular the application of a metallic anti- 
oxidation and anti-corrosion coating, has a process time 
of about 3 0 min, whereas the postheat treatment of the 
gas turbine blade, at about 60 min to 240 min, lasts 
considerably longer. By designing the vacuum plant with 
due regard to the respective process times, a continuous 
and simultaneous pass of products is ensured, and 
efficient production is made possible. 

The product used is preferably a high- temperature 
component of a gas turbine, in particular a gas turbine 
blade or a heat shield element of a combustion chamber. 
Furthermore, the parent material used for the high- 
temperature component is preferably a nickel- or iron- 
or cobalt -base superalloy. A gas turbine blade is a 
high-temperature component which is arranged in the 
hot-gas duct of a gas turbine. A distinction is made 
between turbine guide blades and turbine moving blades, 
which are exposed to high thermal loads, in 
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particular in gas turbines having high turbine inlet 
temperatures of over 1500 K for example, and to 
corrosive and oxidizing conditions due to the hot gas. 
Therefore an appropriate alloy has to be selected for 
5 the parent material. An example of a high- temperature- 
resistant alloy of this type with high creep strength 
on a nickel basis is Inconel 713 C, which in its 
essential components is produced from 73% nickel, 13% 
chromium, 4.2% molybdenum and 2% niobium, 
10 The metallic coating used is preferably an MCrAlX 

alloy, where M stands for one or more elements of the 
group comprising iron, cobalt and nickel, Cr stands for 
% chromium, Al stands for aluminum, and X stands for one 

or more elements of the group comprising yttrium, 

If-?" 

15 rhenium and the elements of the rare earths. This 
B:3 metallic coating is applied to the product, in 

% particular the high- temperature component of a gas 

^ turbine, in the coating region in a known manner by 

^1 thermal spraying with the VPS (Vacuum Plasma Spraying) 

Q 20 or LPPS (Low Pressure Plasma Spraying) processes. The 
2^ MCrAlX coatings are especially suitable for high- 

¥^ temperature components in gas turbines having a parent 

material of a nickel-, or iron- or cobalt-base 
superalloy. They are suitable in stationary gas 

2 5 turbines and aircraft engines having a high turbine 

inlet temperature. In addition, they are suitable as an 
adhesive mediator coating for the application of 
further coatings in other coating processes, such as, 
for example, for producing a ceramic heat -insulating 

3 0 coating on a product by means of PVD (Physical Vapor 

Deposition) . 

The object which relates to the apparatus is 
achieved according to the invention by an apparatus for 
coating a product with a metallic coating in a vacuum 
3 5 plant, comprising a coating chamber and a postheat 
treatment chamber, the postheat treatment chamber being 
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connected to the coating chamber in a vacuum- tight 
manner. 
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This makes it possible for the application of the 
metallic coating to a product and the subsequent 
postheat treatment to be carried out in one plant. The 
vacuum- tight connection between the coating chamber and 
the postheat treatment chamber ensures that the product 
is at no time exposed to the atmosphere, in particular 
the oxygen in the air, during the method. The vacuum 
plant is therefore superior to conventional plants in 
which separate vacuum chambers which are not connected 
to one another in a vacuum- tight manner are provided 
for the application of the coating and for the postheat 
treatment . 

A heating device is preferably provided in the 
postheat treatment chamber. The heating device is 
realized in known configurations, for example by a 
radiant heating element for indirect radiant heating or 
by an electron beam gun for heating the product by 
direct electron bombardment. For the postheat 
treatment, the process control is to be configured with 
regard to the temperature of the product in such a way 
that the product temperature is set at a predetermined 
value, the postheat treatment temperature. In this 
case, the postheat treatment temperature is set by 
measuring the temperature of the product and regulating 
the heating output of the heating device, for example 
by regulating the radiation output of a radiant heating 
element via the heating current . 

A preheating chamber is preferably provided, this 
preheating chamber being arranged upstream of the 
coating chamber and being connected to the latter in a 
vacuum- tight manner. The preheating chamber is designed 
as a vacuum chamber and is an integral part of the 
entire vacuum plant for coating a product with a 
metallic coating. Provided in the preheating chamber is 
a heating device which is designed in a known manner, 
for example by a radiant heating element for indirect 
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radiant heating or by an electron beam gun for heating 
the product by direct electron bombardment . The 
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preheating chamber serves, on the one hand, to receive 
and preheat the product from room temperature to a 
product temperature and, on the other hand, to pretreat 
and prepare the product for subsequent method steps, in 
5 particular for the application of the metallic coating 
to the product in the coating chamber. In the 
preheating chamber, possible impurities which may have 
entered the surface of the product can also be emitted 
as gases from the product. Impurities may adversely 
10 affect the application of the coating to the product 
and thus the quality of the coating. Therefore the 
preheating chamber, in addition to the preliminary 
% process heating, at the same time performs an important 

y3 cleaning function for the product to be coated, so 

V 15 that, due to the degassing process, a product having an 
Kl appropriately clean prepared surface and well-defined 

product temperature is prepared, 

A cooling chamber is preferably provided, this 
^3 cooling chamber being arranged downstream of the 

y 2 0 postheat treatment chamber and being connected to the 
Q latter in a vacuum- tight manner. A product is heated 

after it has been subj ected to the postheat treatment . 
In order to treat the product further or feed it to its 
destination, it is brought to room temperature in a 
25 suitable manner. To this end, it has to be cooled down, 
for which purpose, in conventional methods, the 
external postheat treatment chamber, which is not 
coupled to a coating chamber, is likewise used. The 
product is cooled down in a controlled manner in this 
3 0 postheat treatment chamber. In the vacuum plant, on the 
other hand, the controlled cooling operation is 
effected in a separate cooling chamber. In this case, 
the cooling chamber is designed as a vacuum chamber and 
is an integral part of the entire vacuum plant. In 
3 5 order to cool the product in a controlled manner, a 
heating device is provided in the cooling chamber. This 



GR 99 P 3096 P - 10a - 

heating device ensures that the product is at a 
predetermined temperature during the cooling operation. 
As a result, the product is not cooled too rapidly via 
heat radiation or heat conduction to the surroundings 
but is cooled virtually steadily by the temperature 
being reduced down to room temperature gradually and in 
a controlled 
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manner by regulating the heating output of the heating 
device. The heating device is designed, for example, in 
the form of a known radiant heating element for 
indirect radiant heating of the product. Additional 
known treatment devices for cooling the product, for 
instance in the form of a gas supply system for inert 
cooling gases (e.g. argon), can be provided in the 
cooling chamber. In this embodiment, inert cooling gas 
is admitted in a carefully metered manner to the heated 
products and the latter are cooled down to room 
temperature in a controlled manner. The cooling chamber 
advantageously serves at the same time as a removal 
chamber for the products. 

The vacuum-tight connection between the coating 
chamber and the postheat treatment chamber is 
preferably produced via a lock chamber. Both the 
process times for the application of the metallic 
coating to the product and for its postheat treatment 
and the respective process parameters, in particular 
the coating temperature and the postheat treatment 
temperature, are different. For example, the 
application of a metallic coating to a gas turbine 
blade, in particular a metallic ant i -oxidation and 
ant i -corrosion coating, is effected at a coating 
temperature of about 1100 K to 1200 K. On the other 
hand, the postheat treatment of the coated gas turbine 
blade is effected at a markedly higher postheat 
treatment temperature of 12 00 K to 1500 K. It is 
therefore expedient to also spatially separate these 
processes from one another by appropriate devices, here 
realized by a separate lock chamber, to such an extent 
that mutual interactions are largely ruled out. This 
configuration is also favorable in terms of the method. 
In this case, the lock chamber serves primarily to 
transfer the products from the coating chamber to the 
postheat treatment chamber. It is an integral part of 
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the vacuum plant. A heating device is preferably- 
provided in the lock chamber, this heating device 
ensuring a predetermined product temperature during the 
transfer . 
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In this case, the product temperature in the lock 
chamber can advantageously be continuously adapted to 
the respective process temperatures during the transfer 
of the products from the coating chamber into the 
postheat treatment chamber. Furthermore, when the 
vacuum plant is used for industrial series production 
in a simultaneous continuous method, the lock chamber 
serves as an important buffer system in order to adapt 
the quantities to one another, if need be, and thus 
ensure as far as possible a continuous pass of 
products . 

A transfer system is preferably provided for the 
automatic transfer of the product from a vacuum chamber 

(preheating chamber, coating chamber, lock chamber, 
postheat treatment chamber, cooling chamber) into 
another vacuum chamber of the vacuum plant . 

In particular in a vacuum plant, automatic, 
preferably electronically controlled, transfer of the 
products is far superior to other known embodiments, for 
example with complicated manipulators manually operable 
externally and with sealed vacuum leadthroughs . In order 
to permit in particular a continuous and automated pass 
of the products, the vacuum chambers of the vacuum plant 

(preheating chamber, coating chamber, lock chamber, 
postheat treatment chamber, cooling chamber) are 
equipped with a suitable transfer system. In this case, 
the transfer system has devices for receiving products, 
for transporting products and for transferring products, 
the devices being arranged in the individual vacuum 
chambers . 

The coating chamber preferably has a first 
receiving capacity and the postheat treatment chamber 
preferably has a second receiving capacity for 
products, the second receiving capacity being greater 
than the first receiving capacity. In general, the 
(average) number of products 
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in a vacuum chamber is obtained from the number of fed 
products per unit of time multiplied by the (average) 
retention time of the products in the vacuum chamber. 
In the ideal continuous pass, the number of fed 
products per unit of time is the same for all vacuum 
chambers. The (average) number of products in a vacuum 
chamber is then determined by the retention time in 
this vacuum chamber. The relative receiving capacities 
to be planned for products for the coating chamber and 
for the postheat treatment chamber are then 
approximately given by the respective process times in 
these vacuum chambers. For the application of an MCrAlX 
coating according to the VPS or LPPS process to a gas 
turbine blade having a parent material made of a 
nickel-, iron- or cobalt-base superalloy, a process 
time of typically about 3 0 minutes is obtained, whereas 
the postheat treatment of the gas turbine blade has a 
process time of about 12 0 minutes. The postheat 
treatment chamber is therefore to be dimensioned and 
configured in such a way that its receiving capacity 
for gas turbine blades is at least four times as great 
as the receiving capacity of the coating chamber. The 
vacuum plant is conceived in such a way that it 
advantageously permits an adaptation of the receiving 
capacities to the respective process times and thus a 
continuous and simultaneous pass of products , a factor 
which in turn is very favorable for industrial series 
production. 

The apparatus and the method for coating a product 
with a metallic coating in a vacuum plant are explained 
in more detail by way of example with reference to the 
exemplary embodiments shown in the drawing, in which, 
in a partly schematic and simplified manner: 
Fig. 1 shows a schematic longitudinal section of a 
vacuum plant for coating products, for example 
gas turbine blades, with a metallic coating. 
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Fig. 2 shows a diagram with a simplified temperature 

profile for a product according to a 

convent i ona 1 me t hod , and 
Fig. 3 shows a diagram with a simplified temperature 

profile for a product according to the method 

according to the invention. 
A vacuum plant 1 for coating products 12, here gas 
turbine blades 12 for example, with a metallic coating 13 
is shown schematically in figure 1 in a longitudinal 
section. The vacuum plant 1 has various vacuum chambers 
2, 3, 4, 5, 6 - successively a preheating chamber 2, a 
coating chamber 3, a lock chamber 4, a postheat treatment 
chamber 5 and a cooling chamber 6. In this case, the 
coating chamber 3 is connected in a vacuum- tight manner 
to the postheat treatment chamber 5 via the lock chamber 
4. The preheating chamber 2 is arranged upstream of the 
coating chamber 3 and is connected to the latter in a 
vacuum-tight manner. The cooling chamber 6 is arranged 
downstream of the postheat treatment chamber 5 and is 
connected to the latter in a vacuum- tight manner. In each 
case, at least one heating device 1, 7A is provided in 
the preheating chamber 2, the lock chamber 4, the 
postheat treatment chamber 5 and the cooling chamber 6. 
In the exemplary embodiment shown, the heating devices 7, 
7A in the individual vacuum chambers 2, 4, 5, 6 are 
designed as radiant heating elements for the controlled 
heating of the gas turbine blades 12 arranged in the 
vacuum chambers to a predetermined product temperature . 
Provided in the vacuum chambers 2 , 3 , 4 , 5 , 6 is a 
transfer system 8, 11 which is designed in each case as a 
delivery/ receiving device 11 and transport device 8 in 
the individual vacuum chambers 2 , 3 , 4 , 5 , 6 . In each 
case at least two gas turbine blades 12 are arranged on 
the respective transport devices 8 in the preheating 
chamber 2, the lock chamber 4, the postheat treatment 
chamber 5 and the cooling chamber 6. 
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The coating chamber 3 has a coating region 9 in which a 
coating device 14 and a holder 16, rotatable about a 
longitudinal axis 17, for gas turbine blades 12 are 
arranged. In this case, the coating device 14 is 
designed as a VPS (Vacuum Plasma Spraying) or LPPS (Low 
Pressure Plasma Spraying) device (plasma torch) for the 
thermal spraying of coating material 15 - for example 
MCrAlX - onto a gas turbine blade 12. The coating 
device 14 at the same time serves to heat the gas 
turbine blade 12 to a predetermined product 
temperature- This is ensured during a coating operation 
by the hot process gases of the coating device 14 
(plasma torch) and by the coating material 15 striking 
the gas turbine blade 12 . A gas turbine blade 12 is 
located in the coating region 9 on the holder 16 . The 
coating device 14 is arranged above the gas turbine 
blade 12 in the coating region 9. Formed in the 
postheat treatment chamber 5 is a postheat treatment 
region 10, in which a number of coated gas turbine 
blades 12 having a metallic coating 13, in particular 
an MCrAlX coating, are located on the transport device 

8. In this case, the number of gas turbine blades 12 in 
the postheat treatment region 10 is greater than the 
number of gas turbine blades 12 in the coating region 

9. Two heating devices 7A are provided in the postheat 
treatment region 10. One heating device 7A is arranged 
above and the other heating device 7A is arranged below 
the gas turbine blades 12, so that heating of the gas 
turbine blades 12 to a predetermined product 
temperature which is the postheat treatment temperature 
is thereby ensured by heat radiation. The vacuum 
chambers 2, 3, 4, 5, 6 of the vacuum plant 1 are 
connected to a vacuum pump system (not shown in figure 
1) , which preferably consists of a diffusion pump, 
valves and vacuum measuring devices and also a backing 
pump, so that a respectively 
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required vacuum can be set in the individual vacuum 
chambers 2 , 3 , 4 , 5 , 6 , 

In the coating method for coating a product 12, for 
example a gas turbine blade 12, with a metallic coating 
13, in particular a metallic MCrAlX ant i -oxidation 
coating, in a vacuum plant 1, a gas turbine blade 12 is 
first of all fed into the preheating chamber 2 and 
arranged on the transport device 8 of the transfer 
system 8, 11. The preheating chamber 2 serves to receive 
and preheat the gas turbine blade 12 . With the heating 
device 7 provided in the preheating chamber 2, the gas 
turbine blade 12 is heated from room temperature to a 
product temperature which is the coating temperature. 
The gas turbine blade 12 is pretreated in the preheating 
chamber 2 and prepared for subsequent method steps, in 
particular for the application of the metallic coating 
13 to the gas turbine blade 12 in the coating chamber 3 . 
In the preheating chamber 2, possible impurities which 
may have entered the surface of the gas turbine blade 12 
can also be emitted as gases from the gas turbine blade 
12. Therefore the preheating chamber 2, in addition to 
the preliminary process heating, at the same time 
performs an important cleaning function for the gas 
turbine blade 12 to be coated. After the heating and 
degassing process, a gas turbine blade 12 having an 
appropriately clean prepared surface and well-defined 
product temperature which is the coating temperature is 
prepared here. The gas turbine blade 12 is then 
automatically transferred by the transfer system 8, 11 
from the preheating chamber 2 into the coating region 9 
of the coating chamber 3 and arranged on a movable 
holder 16, here rotatable about a longitudinal axis 17. 
In the coating chamber 3, during the coating operation, 
a metallic coating 13, for example an MCrAlX anti- 
oxidation coating, is applied to the gas turbine blade 
12 . The coating material 15 (MCrAlX) , 
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for example by thermal spraying with VPS or LPPS 
spraying methods, is applied to the surface of the gas 
turbine blade 12 moving about the longitudinal axis 17, 
in this case rotating about the longitudinal axis 17. 
5 In this case, the process time for applying this 
coating 13 is about 3 0 min. During this period, the gas 
turbine blade 12 is held at a coating temperature of 
around 110 0 K to 12 00 K by the process -related heat 
input into the gas turbine blade 12. In this case, the 

10 gas turbine blade 12 is heated by the hot process gases 
of the coating device 14 (plasma torch) and by the 
coating material 15 striking the gas turbine blade 12 . 
After the metallic coating 13 has been applied to the 
gas turbine blade 12, the latter is automatically 

15 transferred by the transfer system 8, 11 from the 
coating region 9 into the postheat treatment region 10. 
This transfer is effected via the lock chamber 4 . In 
the lock chamber 4 , the gas turbine blade 12 , by means 
of the heating device 7 arranged there, is held at a 

2 0 predetermined product temperature which is always 

higher than a minimum temperature. The minimum 
temperature in this case is higher than room 
temperature and is preferably 500 K, in particular 
between about 90 0 K and 14 00 K. After the transfer, the 
25 gas turbine blade 12 provided with a metallic coating 
13 is subjected to a postheat treatment in the postheat 
treatment region 10, this postheat treatment taking 
place at a postheat treatment temperature of about 12 00 
K to 150 0 K. To this end, the gas turbine blade 12 is 

3 0 brought to the predetermined postheat treatment 

temperature by means of the heating devices 7A and is 
held at this postheat treatment temperature for a 
period of time. Here, the process time is, for example, 
12 0 min (also see descriptions with respect to figure 2 
35 and figure 3). As a result, firm bonding (diffusion 
bonding) between the metallic coating 13 and the parent 
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material of the gas turbine blade 12 is produced. After 
the postheat treatment, the gas turbine blade 12 is 
automatically transferred from the postheat 
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treatment chamber 5 into the cooling chamber 6. A gas 
turbine blade 12 is heated after it has been subjected 
to the postheat treatment . In order to treat the gas 
turbine blade 12 further or feed it to its destination, 
5 it is brought to room temperature in a suitable manner. 
To this end, it has to be cooled down. In conventional 
methods, this is likewise carried out in the external 
postheat treatment chamber, which does not have a 
vacuum coupling to the coating chamber. In the vacuum 

10 plant, on the other hand, the controlled cooling 
operation is effected in the separate cooling chamber 
6 . In order to cool the gas turbine blade 12 in a 
controlled manner, a heating device 7 is provided in 
the cooling chamber 6. This heating device 7 ensures 

15 that the gas turbine blade 12 is at a predetermined 
temperature during the cooling operation. As a result, 
the gas turbine blade 12 is not cooled too rapidly via 
heat radiation or heat conduction to the surroundings 
but is cooled virtually steadily by the temperature 

2 0 being reduced down to room temperature gradually and in 

a controlled manner by controlling or regulating the 
heating output of the heating device 7. Once the gas 
turbine blade 12 has been cooled down to room 
temperature in a controlled manner in the cooling 
25 chamber 6, it is removed from the cooling chamber 6. 

The method, just described by way of example for a 
product 12, in particular a gas turbine blade 12, for 
coating a product 12 with a metallic coating 13 is 
characterized by the fact that it is conceived as a 

3 0 continuous and simultaneous method. In this way, a 

plurality of products 12 can pass through various 
method steps simultaneously and continuously. In figure 
1, this is illustrated by the fact that, for example, 
one gas turbine blade 12 is located in the coating 
3 5 region 9 and simultaneously a larger number of gas 
turbine blades 12 is in each case located in the 
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preheating chamber 2, the lock chamber 4, the postheat 
treatment chamber 10 and the cooling chamber 6. A 
metallic coating 13 is therefore applied to gas turbine 
blades 12 
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in the coating region 9, while gas turbine blades 12 
provided with a metallic coating 13 are simultaneously 
subjected to a postheat treatment in the postheat 
treatment region 10, and at the same time gas turbine 
5 blades 12 are pretreated in the preheating chamber 2, 
and at the same time gas turbine blades 12 are cooled 
down in a controlled manner in the cooling chamber 6, 
and at the same time gas turbine blades 12 are 
transferred in the lock chamber 4. A continuous and 
10 simultaneous pass of gas turbine blades 12 through the 
various method steps is possible. In particular, in 
this continuous method, the pass of gas turbine blades 
yi 12 per unit of time is markedly increased compared with 

non- simultaneous and/or discontinuous methods. In the 
4J 15 method, due to the different process times of the 
j% individual method steps, more gas turbine blades 12 are 

\Q subjected to a postheat treatment than are coated at 

the same time in the coating region 9, since the 
yi postheat treatment process generally constitutes the 

2 0 limiting process with respect to time. By designing the 
S vacuum plant 1 with due regard to the respective 

process times, a continuous and simultaneous pass of 
products 12 is ensured, and efficient production of 
metallic coatings 13 on products 12 is made possible. 

2 5 In this case, the method, in addition to the coating of 

gas turbine blades 12, is also suitable for coating 
other high- temperature components of a gas turbine, for 
example for heat shield elements of a combustion 
chamber . 

3 0 In the following figures, the process control with 

regard to the temperature profile according to a 
conventional method (figure 2) and according to the 
method according to the invention (figure 3) are 
compared with one another and explained in more detail. 
35 Reference is occasionally made here to the reference 
numerals in figure 1 for the purpose of clarification. 
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Figure 2 shows a diagram in which the temperature 
is plotted against time for a product 12, in particular 
for a gas turbine blade, according to a conventional 
coating method. The time t is plotted on the X-axis of 
5 the diagram, and the temperature T of the product 12 at 
a certain time t during the method is plotted on the Y- 
axis. The product temperature T as a function of the 
time t is shown in the diagram as curve trace Ti(t) . The 
product 12 is first of all heated linearly from room 
10 temperature Tr to a product temperature T which is the 
coating temperature Tc- While the metallic coating 13 is 
being applied to the product 12, the temperature for 

the coating process time Ate is kept at the coating 
temperature Tc- The product 12 is then cooled down from 
45 15 the coating temperature Tc to room temperature Tr. The 
1^ product 12 is then normally removed from the coating 

y5 chamber 3, put into intermediate storage in a suitable 

r% manner, and fed at an unspecified point in time to a 

y3 postheat treatment chamber 5 for postheat treatment . 

35 2 0 The postheat treatment of the product 12 therefore does 
C3 not take place directly after the application of the 

metallic coating 13. In order to illustrate this, the 
time axis t in figure 2 is interrupted after the 
cooling to room temperature Tr and before the start of 
25 the postheat treatment. This is therefore not a 
continuous method. The product 12 is eventually 
subjected to a postheat treatment. To this end, the 
product 12 is first of all heated from room temperature 
Tr (linearly) to a product temperature T which is the 
3 0 postheat treatment temperature Th. The latter is higher 
than the coating temperature Tc- Since the postheat 
treatment generally has a longer process time than the 
application of the metallic coating 13, the postheat 
treatment process time Atn during which the product is 
3 5 at the postheat treatment temperature Th is accordingly 
greater than the coating process time Ate- For example. 
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for a postheat treatment of products 12 which 
constitute gas turbine blades, the 
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postheat treatment process time Atn is about four times 
as great as the coating process time Ate. After the 
postheat treatment, the product 12 is cooled down again 
from the postheat treatment temperature Th to room 
5 temperature Tr. The process control with regard to the 
temperature profile in a conventional method is 
characterized by the fact that the product 12 is cooled 
down to room temperature Tr between the application of 
the metallic coating 13 and the postheat treatment. 
10 A diagram having a temperature profile for a 

product 12, in particular for a gas turbine blade, 
fi according to the method according to the invention is 

'ff; shown in figure 3 . The time t is plotted on the X-axis 

H of the diagram, whereas the product temperature T of 

2J 15 the product 12 at a certain time t is plotted on the Y- 
|jj axis of the diagram. The product temperature T as a 

'^'^ function of the time t is illustrated in the diagram by 

C3 the corresponding curve trace T2(t). With this 

temperature profile, the product 12 is first of all 
4S 20 heated linearly from room temperature Tr to a product 
fj^ temperature T which is the coating temperature Tq. While 

the metallic coating 13 is being applied to the product 
12, the temperature for the coating process time Ate is 
kept at the coating temperature Tc. For products 12 
25 which consitute, for example, gas turbine blades which 
are provided with an MCrAlX coating, the coating 
temperature Tc is about 1100 K to 1200 K. Directly after 
the actual coating operation, the product 12 is 
transferred continuously from the coating region 9 into 
3 0 the postheat treatment region 10 through the lock 
chamber 4, which, as illustrated, is possibly 
associated with a change in the temperature of the 
product 12, generally with a decrease in the 
temperature. The temperature profile in this method 
35 step is constructed in such a way that the possible 
temperature decrease of the product 12 from the coating 
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temperature Th to a minimum temperature Tmin is 
restricted, this minimum temperature 
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being higher than room temperature Tr. In gas turbine 
blades, the minimum temperature Tmin in this case is 
preferably higher than 500 K, in particular between 
about 900 K and 1400 K, The product 12, for the postheat 
treatment, is then heated to a product temperature T 
which is the postheat treatment temperature Th and 
which, for example for gas turbine blades, is around 
1200 K to 1500 K. The postheat treatment takes place at 
the postheat treatment temperature Th, at which the 
product 12 is held for a postheat treatment process time 
Atn. The postheat treatment process time Atn is greater 
than the coating process time Ate- After the postheat 
treatment, the product 12 is cooled down from the 
postheat treatment temperature Th to room temperature Tr. 
The time -dependent temperature profile of the product 12 
according to this method has a continuous curve trace 
T2(t) which, in particular, connects the plateau region 
having the coating temperature Tc and the following 
plateau region having the postheat treatment temperature 
Th in a controlled manner and continuously to one 
another. The connection is effected in this case in such 
a way that, at all times, a minimum temperature Txnin of 
the product 12 is ensured, in which case the product 12 
is definitely not cooled down to room temperature Tr 
and/or is definitely not exposed to the atmosphere. This 
novel process control with regard to the temperature 
profile makes it possible to markedly improve the 
bonding of the metallic coating 13 on the parent 
material of the product 12 during the postheat 
treatment. The product 12 in this case is always close 
to a state of thermodynamic equilibrium with its 
surroundings. Time and spatial temperature gradients, in 
particular harmful thermal shocks as a result of cooling 
to room temperature Tr, are avoided, which has a very 
advantageous effect on the quality of the metallic 
coating. 
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Patent claims 

1. A method of coating a gas turbine blade (12) with 
a metallic anti-oxidation coating (13) in a vacuum 
5 plant (1) , in which method 

(a) the gas turbine blade (12) is fed into the vacuum 
plant (1) and heated from room temperature (Tr) to 
a gas turbine blade temperature (T) , 

(b) the metallic anti-oxidation coating (13) is 
10 applied to the gas turbine blade (12) , and 

(c) the coated gas turbine blade (12) is subjected to 
a postheat treatment, 

characterized in that the postheat treatment follows 
the application of the coating (13) in such a way that 

15 the temperature of the gas turbine blade (12) after the 
application of the coating (13) and before the postheat 
treatment is at least as high as a minimum temperature 
(Tmin) / the minimum temperature (Tmin) being higher than 
room temperature (Tr) . 

20 2. The method as claimed in claim 1, characterized in 
that the minimum temperature (Tmin) is about 500 K, in 
particular about 90 0 K to 14 00 K. 

3. The method as claimed in claim 1 or 2, 
characterized in that the application of the metallic 

25 coating (13) to the gas turbine blade (12) is effected 
in a coating region (9) and the postheat treatment is 
effected in a postheat treatment region (10) , the 
coating region (9) and the postheat treatment region 
(10) being different regions of the vacuum plant (1) . 

30 4. The method as claimed in claim 3, characterized in 
that the coated gas turbine blade (12) is transferred 
automatically from the coating 
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region (9) into the postheat treatment region (13) . 

5. The method as claimed in claim 1, 2, 3 or 4, 
characterized in that the gas turbine blade (12) 
subjected to postheat treatment is cooled down to room 
temperature (Tr) in a controlled manner. 

6. The method as claimed in one of claims 3, 4 or 5, 
characterized in that a first number of gas turbine 
blades (12) is located in the coating region (9) and 
simultaneously a second number of gas turbine blades 
(12) is located in the postheat treatment region (10) , 
the second number being larger than the first number. 

7. The method as claimed in one of the preceding 
claims, in particular as claimed in claim 7, 
characterized in that the parent material used for the 
gas turbine blade (12) is a nickel- or iron- or cobalt- 
base superal loy . 

8 . The method as claimed in one of the preceding 
claims, characterized in that the metallic coating (13) 
used is an MCrAlX alloy, where M stands for one or more 
elements of the group comprising iron, cobalt and 
nickel, Cr stands for chromium, Al stands for aluminum, 
and X stands for one or more elements of the group 
comprising yttrium, rhenium and the elements of the 
rare earths . 

9. An apparatus for coating a gas turbine blade (12) 
with a metallic anti-oxidation coating (13) in a vacuum 
plant (1) , comprising a coating chamber (3) and a 
postheat treatment chamber (5) , characterized in that 
the postheat treatment chamber (5) is connected to the 
coating chamber (3) in a vacuum- tight manner. 
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10. The apparatus as claimed in claim 9, characterized 
in that a heating device (7A) is provided in the 
postheat treatment chamber (5) . 

11. The apparatus as claimed in claim 9 or 10, 
characterized in that a preheating chamber (2) is 
provided, this preheating chamber (2) being arranged 
upstream of the coating chamber (3) and being connected 
to the latter in a vacuum- tight manner. 

12. The apparatus as claimed in claim 9, 10 or 11, 
characterized in that a cooling chamber (6) is 
provided, this cooling chamber (6) being arranged 
downstream of the postheat treatment chamber (5) and 
being connected to the latter in a vacuum- tight manner. 

13. The apparatus as claimed in claim 9, 10, 11 or 12, 
characterized in that the vacuum-tight connection 
between the coating chamber (3) and the postheat 
treatment chamber (5) is produced via a lock chamber 
(4) . 

14. The apparatus as claimed in claim 13, 
characterized in that a heating device (7) is provided 
in the lock chamber (4) . 

15. The apparatus as claimed in one of claims 9 to 14 , 
characterized in that a transfer system (8, 11) is 
provided for the automatic transfer of the gas turbine 
blade (12) from a vacuum chamber (2, 3, 4, 5, 6) into 
another vacuum chamber (2, 3, 4, 5, 6) of the vacuum 
plant (1) , 

16. The apparatus as claimed in one of claims 9 to 15, 
characterized in that the coating chamber (3) has a 
first receiving capacity and the 
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postheat treatment chamber (5) has a second receiving 
capacity for gas turbine blades (12) , the second 
receiving capacity being greater than the first 
receiving capacity. 
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Declaration and Power of Attorney For Patent Application 
Erklarung Fur Patentanmeldungen Mit Vollmacht 

German Language Declaration 

Atty Dckt No.: 3286-0169P 



Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehorigkeit den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestelit wird und fur den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 

Verfahren und Einrichtunq zur 



Beschichtunq eines Erzeuqnisses 



deren Beschreibung 

(zutreffendes ankreuzen) 
n hier belgefCigt ist. 
!3 am 17.02.2000 als 
PCT internationale Anmeldung 

PCT Anmeldungsnummer 

eingereicht wurde und am 



PCT/EPQO/01301 



abgeandert wurde (falls tatsachlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschllesslich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben enA^ahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fur die Priifung der voriiegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 
an. 



Ich beanspruche hiemait auslandische Priorltatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 alier unten ange- 
gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Prioritat beansprucht wird. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Method and device for coating a product 

the specification of which 



(check one) 
□ is attached hereto. 
I was filed on 17.02.2000 



as 



PCT international application 
PCT Application No. PCT/EPOO/01301 y 

and was amended on 

(if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1 .56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 
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Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 
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German Language Declaration 



Prior foreign appplications 
Prioritat beansprucht 



Priority Claimed 



99104404.1 

(Number) 

(Nummer) 



(Number) 
(Nummer) 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Country) 
(Land) 



(Country) 
(Land) 



04.03.1999 y 
(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



Yes 
Ja 



□ 

Yes 

Ja 



□ 

Yes 

Ja 



□ 
No 
Nein 



□ 
No 
Nein 



□ 
No 
Nein 



Ich beanspruche hiermit gemass Absatz 35 der Zivll- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der Zivilprozeftordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1 .56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 



I hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1 .56(a) which occured between the filing 
date of the prior application and the national or PCT 
International filing date of this application. 



PCT/EPOO/01301 y 

(Application Serial No.) 
(Anmeldeseriennummer) 



17.02.2000 



(Application Serial No.) 
(Anmeldeseriennummer) 



(Filing Date D, M, Y) 
(Anmeldedatum T, M, J) 



(Filing Date D,M,Y) 
(Anmeldedatum T, M; J) 



(Status) 

(patentiert, anhangig, 
aufgegeben) 



(Status) 

(patentiert, anhangig, 
aufgeben) 



pending 

(Status) 

(patented, pending, 
abandoned) 



(Status) 

(patented, pending, 
abandoned) 



Ich erklare hiermit, dass alle von mir in der voriiegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass Ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe beiegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gui- 
tigkelt der vorliegenden Patentanmeldung oder elnes 
darauf erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfolgung der voriiegenden Patentanmeldung sowie 
mit der Abwicl<lung aller damit verbundenen Geschafte 
vor denn Patent- und Warenzeichenamt: (Name und 
Registrationsnummer anfuhren) 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith, (list name and registration 
number) 



Customer No. 02292 



And I hereby appoint 



Telefongesprache bitte richten an: 
(Name und Telefonnummer) 



Direct Telephone Calls to: (name and telephone 
number) 



Ext. 



Postanschrift: Send Correspondence to: 

Birch. Stewart. Kolasch & Birch . LLP' 
8110 Gatehoiise Road / SuitR SO Q East 22042 Falls Church Virg ini;^ 
Telephone: + 1 703 205 8000 and Facsimile iLlJXl3L205uaa5Q 

or 

Customer No. 02292 



Voller Name des einzigen oder urspriinglichen Erfinders: 

HELGE REYMANN 



Unterschrift des Erfinders 



Datum 




Full name of sole or first inventor 



Date 



Wohnsitz 

BERLIN, DEUTSCHLAND 



ReMence 

BERLIN. GERMANY iQ^fX 



Staatsangehorigkeit 

DEUTSCH 



Citizenship 

GERMAN 



Postanschrift 

MCNAIR-PROMENADE 58 



Post Office Addess 

MCNAIR-PROMENADE 58 



14167 BERLIN 
DEUTSCHLAND 



14167 BERLIN 
GERMANY 



Voller Name des zweiten Miterfinders (falls zutreffend): 



Full name of second joint inventor, If any: 



Unterschrift des Erfinders 



Datum 



Second Inventor's signature 



Date 



Wohnsitz 



Residence 



Staatsangehorigkeit 



Citizenship 



Postanschrift 



Post Office Address 



(Bitte entsprechende Infonvaiionen und Unterschriften im (Supply similar information and signature for ttiird and 
Falle von driften und weiteren Miterfindern angeben). subsequent joint inventors). 
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